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ABSTRACT

VISUAL PATTERN ANALYSIS
A LOOK AT MAPS 

by
Phillip Charles Muehrcke

Chairman: Waldo R. Tobler

The utility of thematic maps in scientific argument is considered 
in this paper. Maps are viewed as graphic models, with particular at­
tention on the interaction between statistics and graphics. The qual­
ity of visual information retrieval from two-dimensional displays is 
discussed in the context of this map-model formulation. It is concluded 
that cartographic processing is valuable in inductive hypothesis-genera­
tion and model refinement, but not well suited to deductive model test­
ing . Map generalization and map comparison are identified in this eval­
uation as important but poorly understood cartographic procedures. Al­
though both processes can be pursued in the context of the philosophical 
constructs mentioned above, map comparison is chosen as focus for further 
discussion. An experiment is conducted in which subjects are instructed 
to rank-order sets of dot, choropleth, and profile maps of various com­
plexities (i.e., linear, quadratic, cubic) in terms of their degree of 
correlation with a referent. Results are evaluated by means of a stat­
istical model of association known as the coefficient of determination, 
2 r . Subject response indicates that there is a highly significant graph­
ic-complexity interaction. The graphic main effect is highly significant 
(choropleth maps were compared most effectively, dot maps least effec­
tively) . The complexity main effect is not significant. From this it is 
inferred that the distributions tested were too simple and/or the range 
in surface complexity too small to evoke significant differences in sub­
ject response trends. Errors are distributed from graphic to graphic as 
a function of the degree of correlation between map and format. The 
range in (+) r values tested, where (t) refers to the sign of the ori­
ginal r value, is: (+).9O, .80, .70, .60, .50, .40, .20, 0, (-).20, .40, 

2 .50, .60, .70, .80, .90, 1.00. Noting the larger increment in r between 



map pairs as values approached 0, experimental results can be summarized 
as follows: Choropleth maps produced a bimodal function (most errors 
with medium (±) r values); dot maps produced a bimodal function (most 
errors with high (t) r values); and profile maps produced a unimodal 
function (most errors with tedium to low (+) r2 values. Results from 
subject responses are interpreted to mean that, given the types of graph­
ics and distributions employed, choropleth maps were far better informa­
tion-transmitting media than either dot or profile maps. It was also 
noted that, although profile maps generated fewer errors than dot maps, 
these errors were larger. Results suggested that dot maps could be im­
proved by increasing the number of dots in the high density zones (i.e., 
apparent value versus absolute value scaling). Profile map effectiveness 
might similarly be improved by employing a larger vertical exaggeration 
factor and by Increasing the number of data points (which in effect would 
smooth the surface). The experimental design is evaluated and future 
topics of research are outlined.
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INTRODUCTION

Analysis of two-dimensional patterns is common. Micrographs, med­
ical thermographs, bubble-chamber photographs, aerial photographs and 
imagery, radar images, X-rays, fingerprints, and maps are a few examples 
from the wide range of pictorial displays employed in scientific inquiry. 
The existence and variation in pattern properties (i.e., shapes, sizes, 
intensities, textures, positions, associations, etc.) depicted by these 
two-dimensional displays are interpreted in light of the theory char- 
acterictic of the respective fields of interest. Results of such analy­
sis form the basis of inference to spatial structure and process.

The special case of cartographic representation is the focus of 
this paper. Maps have proven to be a convenient means of portraying and 
analyzing certain types of information.% For some disciplines they con­

stitute a major form of communication and serve as a means of facilitat­
ing the solution of diverse problems. In particular, scientists who 
study the two-dimensional distributions of phenomena on or near the sur­
face of the earth (i.e., ecologists, geographers, geologists, meteorolo­
gists, and so on) have traditionally been interested in map analysis. 
Since the map has provided a model for pattern analysis, it figures sign­
ificantly in the theoretical basis of each discipline.

In recent decades these fields have undergone a major transformation 
in technique, often described as the "quantitative revolution." Explicit 
in this change in emphasis from a qualitative to a quantitative approach 
is the assumption that subjective map analysis of spatial distributions 
and spatial associations (central research themes in the fields mentioned) 
is not sufficiently rigorous to provide the foundation for a scientific 
discipline. The results obtained from visual pattern comparison are as­
serted to be imprecise, or inconsistent, and often more apparent than 
real.% The nature of the map as a graphic model, on one hand, and the in­

herent and learned limitations of the human perceptual mechanism on the 
other, are cited in support of this assertion.
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The "quantifiers” responded by borrowing a host of statistical pro­
cedures from other fields for "objective'analysis of pattern association. 
Two advantages of the quantitative approach over visual estimation are 
that the former allows : (a) the detection and appreciation of smaller
differences, and (b) provides a sounder basis of judgment of the signifi­
cance of these differences.3 It is also postulated that use of the cart­
ographic technique seriously limits the number of variables that can be 
incorporated into an analysis ; while quantitative techniques are well 
suited to inclusion of large numbers of variables.4 With the range of 
quantitative techniques now available and easily applicable with high­
speed, electronic computers, more sophisticated and rigorous pattern com­
parison is asserted to be within our grasp. The map, so long held in 
unquestioned status as a major tool of these sciences, requires re-exam­
ination and critical evaluation iv, light of the growing emphasis on pre­
cise quantitative analysis.

During the present transitional stage it is not clear when the use 
of a quantitative technique or the use of a qualitative technique is the 
more appropriate, or what the most judicious mix of the two approaches 
should be. The information required to clarify this little understood 
interaction between statistics ana graphics would appear to be forthcom­
ing only after rigorous assessment of the practical potentialities of the 
various methods. The quality of information retrieval from cartographic 
display becomes a major focus of interest in this research. The problem 
is more clearly defined when viewed in the theoretical context of carto­
graphic processing. It is convenient to characterize the cartographic 
process as a series of transformations (see Figure 1).5
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Data are selected from the real world (Tx). The cartographer trans­
forms (i.e., encodes) these data into a map (T2). Information is re­
trieved (i.e., decoded) from the map through an interpretative reading 
process (T3) . Cartographic research is devoted to the task of finding a 
transformation, T2, such that output from T3 is equal to input to T2, 
that is, T3 = T2~l. This conceptual simplification should not be inter­

preted to mean that the transformations themselves are simple. Yet think­
ing from this point of view could lead to useful results. The main em­
phasis of previous cartographic research has been with T2. Although T3
is equally, if not more, important than T2, it has been essentially 
neglected.6 This failure to recognize cartographic communication as a 
human problem has resulted in a system that is often improperly tailored 
to those who use it.? A great deal of this oversight can be attributed 

to a failure on the part of cartographers to conceive cartography as a 
feedback system. To the contrary, there has been a tendency to consider 
the completion of map drafting or printing to be the final stage of the 
cartographic process. •

Since little philosophical attention has been devoted to this pro­
blem area, the preparation of maps for scientific purposes is vaguely 
defined and too often represents a misdirected effort. It is inefficient 
to make more maps than is necessary, to make too few maps, to make the 
wrong map for a given purpose, or to use maps in exclusion of a more ap­
propriate technique.& It is the author’s opinion that there are two major 

sources of this inefficiency: (a) researchers have a poor understanding 
of the intrinsic nature of maps as graphic models, and (b) researchers 
have a poor understanding of the relative effectiveness of various carto­
graphic techniques as information transmitting media. The rigorous attempt 
to attain positional and magnitudinal accuracy, so characteristic of cart­
ographic efforts, constitutes a major expense in cartographic processing. 
Striving for the resulting gain in detail and complexity is questionable 
for several reasons: (a) it may not be appreciated due to limitations in 
map interpreters’ information retrieval mechanism; and (b) it may actually 
distract from graphic communication of the essential map theme by intro­
ducing "noise" into the system,- From the point of view of interpretability 
it may be that up to a point increased generalization would more than off­
set consequent planimetric displacement. Finding the appropriate balance 
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between these factors could result in considerable map compilation 
economies.

Confusion surrounding the cartographic process warrants urgent at­
tention for several reasons: (a) the high cost of map production dis­
tracts significantly from their useability; (b) cartographic processing 
permits the flow (transmission) of huge amounts of information at a use­
ful rate ; therefore, properly designed maps could provide a partial sol­
ution to the growing problem of information overload in the environmental 
sciences; and (c) the increasing challenge of the scientific utility of 
maps threatens their continued use in scientific argument. Developments 
in computer graphics (e.g. , interactive computer consoles) create further 

9 
need to resolve the uncertainty encompassing this issue.

The author concludes that cartographers have not dealt adequately 
with their own essential subject matter—symbolic representation. Re­
search cartographers in particular demand revitalizing philosophical 
insight. There is need for generative ideas of the sort that will trans­
form the whole study of cartography from "conventional wisdom" into mod­
ern science. This only seems attainable through the reconception of 
cartographic knowledge under new abstractive principles, in new intel­
lectual perspectives. Part I of this dissertation outlines one such 
philosophical perspective. The formulation is based on the notion of 
maps as graphic models ; that is, maps are viewed in light of the role of 
models and graphics in scientific argument. Discussion draws on the 
literature of cartography, graphic communication, and scientific model 
building. The distinction between the inductive and the deductive use 
of maps is emphasized. Cartography is treated as an information handling 
process, with emphasis placed on the map user as the key element in this 
system. The problem becomes one of expediting the transfer of information 
from producer (source) co destination (user).

This discussion is intended to expose critical research topics in 
the cartographic processing system and serve as an introduction for a 
formal statement of visual pattern analysis. It is hoped that this ini­
tial attempt at formulation and logical explanation of concepts will 
promote or facilitate continuing research in this vein, or suggest fresh 
approaches to basic problems.
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Two major research areas in experimental cartography can be identi­
fied and considered within the philosophical constructs discussed above : 
(a) map generalization, and (b) map analysis. Of foremost concern is the 
need for better understanding of the role, mechanics, and implications of 
map generalization. This is especially critical to the continued devel­
opment of automated cartography. Map analysis probably consists of the 
more basic operations of pattern description, recognition, comparison, 
and so on. The approach toward analysis can be either qualitative (e.g., 
visual) or objective (e.g., mathematical), or both. The trend has been 
toward increased emphasis on quantitative techniques of pattern (map) an­
alysis under the conjecture that visual analysis is not sufficiently rig­
orous for scientific purposes. Of course it is true that prior to re­
cent developments in digital computer capability which made many powerful 
quantitative spatial analyses available, researchers concerned with the 
spatial character of their data had to rely on cartographic processing.

Although map generalization and map analysis are interrelated con­
cepts (i.e., not mutually exclusive), for purposes of research it is often 
convenient to treat them as separate operations as is done above. Con­
tinuing along this line, the scope of the experimental phase (Part II) of 
this dissertation is limited to a focus on visual pattern analysis. In 
particular, several aspects of visual map comparison are evaluated by 
means of a statistical model known as the coefficient of determination, 
2 r . Variables considered include: type of graphic (dots, choropleths, 

profiles); surface complexity (linear, quadratic, cubic); and degree of 
association with a referent (range from t 1). Information on the rela­
tive effectiveness of various cartographic techniques could prove useful 
in establishing guidelines to facilitate selection of optimal graphics 
or graphic combinations for map comparison purposes. The proposed re­
search should lead to a better understanding of visual pattern compari­
son, which may in turn suggest ideas for the design of more effective 
map display graphics, that is, ones that take into account the strengths 
and weaknesses of the human perceptual mechanism.
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I. MAPS AND MODELS

Models play an important role in scholarship.1 This role derives in 

large part from their economizing, stimulating and suggestive nature. The 
highest levels of intellectual achievement often result through successful 
model building. The abstractive character of models is what gives them 
their scientific value. The detail and complexity of the real world is 
partially overcome by creating an idealized (simplified and apparently 
rational) representation demonstrating only certain of its properties. 
Although information is lost and "noise" is introduced in the process of 
symbolism, the abstraction gained allows the model to become more general 
and useful than reality itself for certain purposes. In particular, the 
model is generally much easier to manipulate than its referent (s) .

There are numerous ways to classify models. In one of the simpler 
and more illustrative schemes, Ackoff and others suggest a progressively 
more abstract three-stage breakdown into iconic (represents properties at 
different scales), analogue (represents one property by another), and 
symbolic (represents properties by symbols) models.% It is recognized 
that some properties of maps are common to all models.$ Slight para­

phrasing of a section of Pierce's work on communication theory introduces 
the map-model notion: "... many of the most general and powerful dis­
coveries of [the biological, physical and earth sciences] have arisen, not 
through the study of phenomena as they occur in nature, but, rather, 
through the study of phenomena [depicted cartographically]. This is be­
cause the phenomena [displayed on maps] are simplified and ordered in com­
parison with those occurring naturally, and it is these simplified phen­
omena that man understands most easily.The disparity between the flat, 
schematized map and every day reality leads naturally to a consideration 
of the merits of generalization versus replication. In fact, the gradient 
between abstraction and reality is central to any discussion or theory 
concerning the nature of knowledge. To explore this gradient from a 
cartographic point of view it may be illustrative to begin with Lewis 
Carroll:

7.
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’"What do you consider the largest map that would be really use­
ful? ’
’About six inches to the mile.’
’Only six inches! ’ exclaimed Mein Herr. ’We very soon got to 
six yards to the mile. Then we tried a hundred yards to the 
mile. And then came the grandest idea of all! We actually 
made a map of the country, on the scale of a mile to the mile!’ 
’Have you used it much?’ I enquired.
’It has never been spread out yet ’ , said Mein Herr : ’The farmers 
objected: they said it would cover the whole country, and shut 
out the sunlight! So we now use the country itself, as its own 
map, and I assure you it does nearly as well.*"5

Brambrough, a philosopher, satirizes Mein Herr, saying he could have 
done even better and made the country do just as well as the map by con­
structing a full-scale relief map utilizing working models in authentic 
materials of every detail of the landscape.8 He succinctly summarizes 
Carroll’s note by concluding: "The ideal limiting case of representation 
is reduplication, and a duplicate is too true to be useful .... And 
this goes not only for maps, but also for descriptions, pictures, port­
raits and theories.”7 Polanyi defines this requirement of symbols as 

the Law of Manageability : "A map is the more accurate the nearer its 
scale approaches unity, but if it were to reach unity and represent the 
features of the landscape in their natural size, it would become useless, 
since it would be as difficult to find one’s way on the map as in the 
region represented by it."8 This is interesting because it suggests that 
map utility is a U-shaped function of map scale (see Figure 1.1).

FIGURE 1.1
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In fact, we may conclude that an element of schematism or sym­
bolism is common to all representation. . a map is a representa­
tion but a highly simplified one. We do not expect to see actual 
rivers and mountains drawn upon it in order to enable us to read it. 
A map does reproduce some of the features of the country which it rep­
resents , but some others are entirely omitted and all are put down in 
a symbolic, not literal, fashion. This interplay between the literal 

g 
and the symbolic is normal in all forms of communication."

As models, maps cannot be both revealing and complete. The detail 
and complexity of the real world would appear to preclude a completely 
faithful pictorial portrayal (representation) of it even if this was an 
ideal.10 Nature is always transformed, interpreted, distorted in rep­
resentation. 11 ”We cannot know reality; we can only have an abstract 

12 picture of it. As was seen above, this is not altogether undesirable. 
The abstract picture we can have represents a highly simplified and sub­
jective approximation to only selective (but supposedly significant) 
features and relationships. Distortion in scale, content, form, and 
relation is acceptable in various proportions in order to help reduce

13 confusion by incidental detail and clarify the fundamental picture, 
simply because the alternative to a map possessing the distorting ef­
fects of abstraction is no map at all (i.e., it can only be the real 
object).14 Thus it is absurd to criticize maps on the ground that they 

have distorted the phenomena represented. From this point of view it is 
strange and unfortunate that cartographic distortion has been convention­
ally considered as a distraction rather than an asset. The positive 
approach is refreshing and would appear more revealing.

Map generalization is a process of evaluation, selection, and em­
phasis that leads to simplification or elimination of unessential detail. 
This raises the question of how much abstraction is essential and/or 
tolerable in a given situation. It is a choice not between perfection 
and imperfection but rather between essential and non-essential. In this 
context "ideal" must be defined as essential or what ought to be. Gom- 
brich, who seems to have grasp of this notion, states : "But what matters 
to us is the correct portrait, like the useful map, is an end product on 
a long road through schema and correction. It is not a faithful record



10.

of a visual experience but the faithful construction of a relational 
model."I? Like a good model, the map suggests "... further questions, 

taking us beyond the phenomena from which it began, and tempts us to 
18 formulate hypotheses which turn out to be experimentally fertile."

In a somewhat different perspective on maps as models, Morrison 
suggests that it may be illustrative to view maps as probability state- 

19 ments. Suppose we draw finite samples from urn l and urn II and use 
these data in construction of maps I and II. The data set portrayed on 
each map has a certain probability of arriving from its parent distribu­
tion. In practice, however, the composition of either urn is not known 
and the probability statement is not specified. Intuitively, it seems 
as though it would be necessary to make a special probability statement 
within each model framework. For example, the reliability, comparabili­
ty, and significance of mapped data might be thought of as functions of : 
fl) the inherent characteristics of the data (scale, discrete-continuous, 
tangible-intangible, static-dynamic, etc.); (2) the sampling scheme (lo­
cation and number of sample points or the size and shape of enumeration 
areas) ; (3) the observational, sampling, and bias error; (4) the choice 
of class Interval in data collection and presentation; (5) the degree of 
approximation; (6) the method of interpolation between control points ; 
and so on. In the absence of a probability statement we do not know how 
well a map replicates its parent dis tribut ion (s), nor do we know the

20 magnitude of introduced noise. This is especially critical if maps 
are to be compared. .

Unfortunately, because the map is so neat and sometimes appears so 
simple as compared to the spatial organization of phenomena in their 
natural state (1. e., at a 1 to 1 scale with reality), the graphic is 
relied upon more and more, often to the point where the symbol is taken 

- for the then forgotten reality. In other words, "... just as super­
stitious people may think of the statue of a saint as the saint himself, 
we think of the symbol as that for which it stands, " Geographers and 
non-geographers alike have frequently treated the map as visually equiva­
lent to geographic reality. In consequence of this traditional reliance 
on the map as a "given”, it has evolved almost as an article of faith.
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Some of its users, particularly in geography, have often forgotten that 
it is but a model — one of many possible models. The problem arises 
when the model (map) is misinterpreted as the reality — that is, when 
the disparity between "model world" and "real world" goes unrecognized. 
Map users accustomed to thinking of a map as a scaled replica of the 
original region are prone to overlook the fact that maps are more prop­
erly viewed as generalizations created from selective information that 

22 is available concerning the original situation.
The above discussion sheds some light on the danger of employing 

a single or several maps as the sole test for accepting or rejecting a 
hypothesis. It is likewise apparent that "blanket" rejection of the 
cartographic technique — as some researchers, namely quantifiers, have 
done — because a single or several graphic versions of a distribution 
are judged to be inadequate, is probably unjustified. In order to 
appreciate fully the ramifications of this discussion of maps as models 
it is necessary to consider briefly the role that graphics play in 
scientific argument. The distinction between graphics and models is 
of course not mutually exclusive.
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II. MAPS AND GRAPHICS

Graphics play an important role in scientific research. ”By far 
the most frequent visualizations of physical happenings are represen­
tations in terms of spatial relations that completely replace direct 
pictures." Scientific illustrations running all the way from the most 
meticulous literal reproductions or pictures of objects to highly 
schematized diagramatic devices are common. Visualization is made 
possible by arbitrary graphical concepts, called symbols, which are 
operationally defined to stand for or signify particular natural phen- 

3 
omena. Indirect readings — that is, readings from these representa­
tional forms — take the place of genuine observation. For, in the 
long run, two-dimensional representations often appear to be the best 
way we have of understanding and communicating to others the spatial 
character of things. "The sense-data on which the propositions of 
modern science rest are, for the most part, little photographic spots 
and blurs, or inky curved lines on paper." Scientific premises de­
rived from interpretation of these representations of "physical fact" 
are subject to two types of errors, however. Not all features of sym­
bols correspond to characteristics of their referents. For example, 
maps which have colors may actually be only representative by the sizes 
and shapes depicted. The failure to make this distinction between the 
endogenous and exogenous properties of symbols has been called the 
error of "map reading.A second problem arising in symbolization is 
the frequent inability to read from the symbol all that has gone into 
it. Leaving out of a symbol reading something which should be in it 
could be called the error of oversimplification. This is commonly re­
ferred to as visual "smoothing," "filtering," or "generalization." 
Both of the above mentioned map reading errors are identified with the 
T3 phase of the cartographic process. In particular, either the map 
reader may add information (I) to that used in map compilation (i.e., 
(1)13^ (I)I^ ), or the map reader may fail to extract as much infor-

14.
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-1 mation from a map as was used in its compilation (i.e., (I)T^ *
It is most probable that T^ T% \ (The above notation was defined on 

pages 3 and 4 of the Introduction). The point is that the sensory qual­
ities of map symbols are extremely important to their interpretation.

Maps constitute a special case of graphics. This realization is 
illustrative. Spatial reality is reduced to a skeletal form in the flat 
map image. Therefore, the map is an instrument of illusion. Lines, 
points, areas, and so on, are intended to transcend their physical iden­
tity to become symbols. These symbols are not unique and specific to 
particular phenomena, but rather are explicitly defined from map to map 
situation.? The coordination is arbitrary. Just as a number of phen­

omena can be mapped in a single graph, a single phenomenon can be mapped 
in a large number of graphics. The choice of phenomena to be coordin- 

g 
ated to specific symbols is left to the cartographer. The concern of 
the "cartographic researcher" should be the possibility of symbolizing 
mappable phenomena and their relationships in the most effective manner. 
Thus, development in cartographic processing should in large part be the 
history of the gradual accumulation and elaboration of an appropriate 
set of graphic symbols. But a given map can only employ a limited num­
ber of symbols from this set. If the cartographer contributes a parti­
cular skill to the cartographic system then the mental selection of en­
sembles of map symbols would be expected to differ significantly from 
the probability that the same series of symbols was selected by chance. 
In any case, interpretation of these symbols forms the basis of map 
reading. We must consider a double reality. The map (symbol) itself 
is a physical object seen as such, but it should also evoke quite other 
objects, namely, the phenomena symbolized. It is the cartographer's 
task to make us reject the first reality, while conveying the second, 
so that we see the referents of symbols and not mere points, lines, or 

q 
patches of color on a flat surface. That is, if you shift your atten­
tion from the meaning of the cartographic symbols to the symbols as 
objects viewed in themselves, you destroy their meaning.

The problem of graphical representation has seldom been recognized 
in its full scope.In spite of the widespread use of graphical rep­
resentation in scientific literature, the role and potential of graphics 
in scientific argument is vaguely defined and poorly understood. As
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Tobler states : 11. . . very little of substance is known scientifically
concerning visual information processing, except that it seems effec- 

12 tive." Because graphical capability remains largely unexplored, re­
searchers have fallen far short of realizing the full power of graphics 

13 in communicating information. Yet it is apparent that humans rely 
heavily on the visual sense. Most of our thinking is done in terms of 
visual models.14 "Sheer observation is hard to contradict, for sense 
data have an inalienable semblance of fact."^ The prevalence of 

platitudes dealing with sight (e.g., "seeing is believing," "The eyes 
of the Lord preserve knowledge and he over-throweth the words of the 
transgressor (Proverbs 22:12)," "a picture is worth a thousand words," 
etc.) are ample testimony to its power in our lives. Multi-million 
dollar advertising schemes take full advantage of this trust in our 
eyes.

Why is visualization so important? Reichenbach conjectures that 
graphical representation is more than a matter of convenience and that 
it rests on a basic necessity of human thinking. People cannot think 
abstractly about relations without some method of symbolic representa­
tion which supplies a concrete model.Whatever the explanation, 
visual observation of actual things or graphical representations of 
them is widely thought to yield to the brain a true, vivid, and lasting 
impression. "People have found that visualized information is faster, 
more direct, more dramatic, and easier to remember.Or, as Reichen­
bach asserts, the reason every physical or technical text is filled 
with drawings or curves is that the clarifying effect of graphical 

« 18representation enables us to understand the most complicated phenomena.
Map display, as compared with the corresponding tabular, textual 

or functional presentation, makes use of asserted visual attributes to 
extract facts from figures. Since the spatial character of alphabet­
ically or magnitudinally arranged geographic data is largely obscured, 
the purpose of statistical mapping would seem to be to provide better 
comprehension of spatial series data and more penetrating analysis than 
is otherwise possible. Indeed, maps can often show immediately informa­
tion that is not easily deduced from ordinary tables and thus may reveal 
functional relationships quite unsuspected from our knowledge of the
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19 original figures. A belief in this utility of maps is well docu­
mented in the literature. Thq consensus is that "maps are often in- 
dispensible in locating problems, testing hypotheses, analyzing data, 

20 and discovering hidden facts and relationships." Cartographic pre­
sentation is asserted in a greater or lesser degree to enhance pattern 
comparability, clarity, speed of interpretation, effect or impact, 
image permanence, flexibility with respect to data selection,and_ap- 
portionment of emphasis, and detection of errors and omissions in 
statistical compilations and reckonings.

It is likewise recognized (though generally not by those who make 
assertions in the above mentioned vein) that the map exhibits several 
equally definite limitations, as compared with the corresponding text, 
formulas or tables. In fact, it would be quite hard to agree with more 
than a few of the above assertions without reservations. Dogmatic 
statements of the type so characteristic of the literature are in most 
cases unproven. The principal disadvantages of maps are: (a) that the 
data may not be read from the map with such fine distinction, and (b) 
that the map is generally more costly to produce and reproduce. The 
author suggests three broad explanations for the inability to derive 
precision information from map display: (a) the subjective nature of 
map compilation, (b) the inherent characteristics of graphic portrayal, 
and (c) the subjective nature of visual analysis (see next section) .

The subjective nature of map compilation was discussed previously 
in the context of model building. The conclusion was that one can 
construct innumerable models of reality, each possessing a substantial 
amount of artificial noise. Further introduced noise occurs in choosing 
the type of graphic representation from the many techniques and types 
applicable in any given instance. The cartographer can present the map 
interpreter with only one of a multitude of different graphic versions 
of a mathematical model or statistical distribution. Each version 
produces a somewhat different pattern effect and modifies the visual 
impact created by the map accordingly. In addition, the limitations 
imposed by the media and tools of graphics and methods of reproduction 

93 considerably influence the level of precision attainable.
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For the above mentioned reasons, a map is never a substitute for 
actual figures if detailed accuracy is required, and should not be ex­
pected to display the accuracy of tabular data.^ One of the map’s 

functions is to stimulate the desire to go to the tabular data for more 
complete information once a summary view is obtained. "Accuracy in 
graphics is more a matter of portraying a clear, reliable picture than 
reiterating exact values." Butsch provides a clear statement of this 
notion : "In many instances. . . it is more important that the reader 
see clearly the contrast between two or more quantities, or recognize 
the trend of the information, than that he know precisely, to last 
decimal place, how large a particular difference may be."26 These 

advantages and limitations of map display are put into proper perspec­
tive by way of analogy to the slide rule. "Charts [maps] have a great 
deal in common with slide rules. Both are suited for providing quick 
answers accurate for many purposes, yet neither will provide the exact 
answer in larger figures which is sometimes needed."27

There are statements in the geographical literature which say the 
opposite — which goes to show that in some cases the role of graphics 
is poorly understood by those most involved with their use. Maps 
should not ordinarily displace tables, text, or functions as a means 
of communication, but instead should supplement them — each filling 
a particular need. Again, a look at the several geographical and geo­
logical journals indicates that this policy is not rigorously followed. 
On the contrary, preoccupation with the accuracy of mapped data is 
common. In deciding whether or not to present a statistical map in 
a given situation, it seems that the researcher should follow two 
guidelines: (a) if the analysis deals with general values, trends, 
and relationships, present the map; and (b) if the analysis deals with 

ocprecise quantities, omit the map. This conclusion is in general 
agreement with the contentions of the "quantifiers" mentioned in an 
earlier section.

Presumably the next steps are to evaluate the assertions regarding 
map utility considered in this chapter (a) in terms of their relevance 
vis a vis the discussion of models and maps, or (b) to decide which 
assertions can and need be tested scientifically. Available evidence 
tends to suggest that there are serious limitations on the ability to 
read data from maps. It is unfortunate that most of this research 
does not include statistical maps in addition to topographic maps.
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III. THE SCIENTIFIC USE OF MAPS

(A) Maps in Research
Since maps are not probability statements^" they are less than 

adequate for rigorous hypothesis testing, but map portrayal preserves 
the spatial pattern of a set of data and allows communication of this 
pattern at a glance. This trait is useful in the theory-formulation 
and model-refinement stages of research on spatial structure or spatial 
process. For example, it is widely accepted that some form of qualita­
tive investigation naturally precedes quantitative analysis. Greig- 
Smith suggests that . . in examining a particular problem it is 
essential to grasp the broad aspects before starting quantitative in­
vestigations. . . . quantitative observations should not be made with­
out a definite objective, . . Lack of precision and rigor is less 
important in this case. The broader picture that the map affords often 
suffices. Thus, the potential of maps in speculative (inductive) hy­
pothesis-generation is asserted to exceed their utility as deductive, 

3 
model-testing devices. "It would appear that while map comparison is 
an excellent tool for suggesting possible solutions to a geographical 
problem, it has a low degree of utility in determining or demonstrating 
the sufficiency of these solutions."* McCarty has suggested a research 

system involving hypothesis formulation, testing, and reformulation in 
which a balanced integration of statistical techniques and the statis­
tical map is achieved.$

A difficulty in using maps in research arises from the fact that 
a single map is just one of many possible graphic interpretations of 
descriptions of a spatial data set. Each version yields a special 
pattern which in turn modifies the visual impact the map evokes.6 This 

could be valuable ; science thrives on an overabundance of hypothesis. 
But the complementary nature of maps as models must be recognized»? 

Unfortunately, little research has been devoted to a consideration of 
the capabilities of the various cartographic expressions in terms of 

o 
the flow or exchange of information. The general form of this input­
output relationship might be written in symbolic notation as R = f(S) , 

22.
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where the response-dependent variable, R, is a function of the stimu- 
9 

lus-independent variable, S. Following somewhat Johnson's discussion 
of the "stimulus pattern - perceptual pattern" disparity, information 
retrieval (R) is asserted to be a function of the stimulus information 
(S) multiplied by some empirically derived constant (k) plus and/or 
minus information distortion (N) introduced by both the human system 
and the cartographic process.^ Written in functional notation as R = 

f(k*S t N), this essentially means that map readers deal with fallible 
information in making inferences from maps.

In the context of information theory, the problem, then, is what 
sort of graphic (signal) to use (send) so as best to convey messages 
of a given type over the particular sort of noisy circuit known as the 
cartographic system.This problem might be visualized as the conse­
quences of encoding.

It seems intuitive that the efficiency of transmitting information 
cartographically would increase as the display became more abstract and 
less complex, and that map comparison performance should increase ac­
cordingly. The problem is to find the proper balance between plani­
metric and magnitudinal accuracy on one hand, and conceptual simplicity 
on the other. The relationship can be experimentally studied by vary­
ing the stimulus class (i.e., map graphics) and observing subjects' 
perceptual responses. This procedure is consistent with the notion that 
". . . the map is a graphic presentation of spatial knowledge and its 
evaluation will depend upon the effectiveness of transmitting this know­
ledge. "12

Morrison suggests that both the quality and the quantity of infor­
mation retrieved from map display would appear to be subject to prob- 

13 ability analysis. After extensive differential threshold (i.e., just 
noticeable difference) testing, the cartographer should be able to say 
that, given a pair of maps of specified distributional and graphic 
characteristics, at a specified level of significance at least X percent 
of map readers will perceive the degree of association within t Y of the 
calculated measure of correlation, all things being equal. From a stat­
istical point of view the actual measure of the association may not be 
as important as its probability of being significant. The idea is at 
least suggestive.
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On the other hand, at the present time map users generally have 
little notion how accurate the answers provided by maps need to be. 
Considering the level of sophistication of contemporary theory, it may 
be that qualitative visual judgments suffice and will do so for some 
time! In the meantime the need for extensive research is evident.

A second useful function of maps in research is their role as so- 
called spatial worksheets. Although data coded with locational coor­
dinates are most flexible for spatial analyses, in many instances data 
are only available in tabular form. In these cases researchers have 
several options. First, data can be laboriously coded with locational 
coordinates and then subjected to data processing. This coding opera­
tion usually involves either: (a) looking up coordinates of data units 
on the appropriate map; or (b) plotting data on a map and then, as 
another step, recording coordinates of each data unit. As an alterna­
tive, volume of data or expediency may suggest that data be grouped 
into areal subdivisions. In this case tabular data are typically 
plotted on a map, summarized through an areal aggregating or cell 
counting procedure, and then subjected to additional data processing. 
Although in both procedures (i.e., recording coordinates and cell 
counts) maps serve an intermediate step in data analyses, they are not 
analyzed directly. Since the worksheet function differs significantly 
from the active part maps play in hypothesis generation or model re­
finement, this use of maps will not be considered further.

(B) Pattern Comparison Situations

This paper focuses on visual analysis of pattern association in 
the context of cartography. Two map comparison situations come to mind. 
(1) Map(s) 1 . . . n can be compared with a referent (anchor stimulus) 
in search of a best fit. The inductive use of maps in theory-formula­
tion seems to involve this technique of searching for association. The 
task is to search for "most similar" distributions. A rank-ordering 
results; that is, measurement is on an ordinal scale. (2) Map A may be 
compared with map B and the degree of fit or association estimated or 
calculated, yielding some coefficient of association between the two 
distributions. The deductive use of maps in model testing seems to in­
volve this technique of estimating the degree of association. The task
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is to ascertain how much of the variation in the first distribution 
can be explained by the second. Measurement is at least on an inter­
val scale.

Each of these two hypothetical pattern comparison situations can 
be generalized to include at least three quite different task situa­
tions .

(1) Observed versus reality — The map may be tested against re­
ality or vice versa. The process of investigation may start with a 
map-generated hunch or speculation and lead to reality. Scale dis­
crepancy varies with the point of perspective. It is greatest with 
persons on the ground, least with persons in space. But the map scale 
is always small compared to what is visually perceived on the earth’s 
surface. Field research and verification of the nature common to the 
environmental sciences are typical examples of operations falling into 
this category. The problem is analogous to comparing "typical" text - 
book examples of a wide range of phenomena with observations of the 
actual thing. A "perfect" match would be extremely rare due to the 
generalized nature of the example and the natural variations of the 
observed case. Traditional map evaluation is included in this task 
situation, especially in the military intelligence sense, since it is 
generally based upon empirical measures of performance on such map­
reading tasks as position location, direction location, road map use 
and object identification.

The map-reality comparison has yet to be formalized, largely because 
it appears to be extremely difficult, if not impossible, to develop ob­
jective statistical tests of the relationship between the model and that 
selective (spatial and topical) portion of the real world under consider­
ation. If the way people who use other types of models handle this sit­
uation can provide insight, then a potential partial solution would be 
to test the map against less abstract models, such as aerial photographs 
or orthophoto maps.

(2) Observed-vs-Observed — Comparison (cross-correlation) is often 
made between several maps. Several variations exist, (a) Maps covering 
the same geographic area representing two or more sections in time may be 
compared in search of similarities, change or trends. This technique has 
been utilized by Imhoff and Tobler"^ to estimate the rate of cartographic 
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progress in terms of the history of positional accuracy on maps. Sim­
ilarly , it is also possible to use regression analysis of stated posi­
tions on maps to help trace the ancestry and projection (where unspec­
ified) of a given map. More commonly, the technique is used to identify 
change in the cultural or physical landscape over time, or to establish 
growth trends that can be used in historical interpolation or prediction, 
(b) Maps covering different geographical areas may be compared with re­
spect to one or more phenomena in search of similarities between the 
distributional geometries of disparate regions. (c) Maps of the same
geographic area depicting two or more variables may be compared in search 
of areal correspondence or similarities in distribution geometries of 
diverse phenomena, and this association can be treated over time.

(3) Observed-vs-Theoretical — It is common to compare maps of 
observed areal distributions with idealized distributions with which they 
are theorized to have a high degree of correspondence. The use of the 
normal probability surface for description, or analysis of a wide variety 
of geographic distributions characterized by an exponential decay func­
tion are two examples.

In a somewhat different procedure, the map of an observed phenomenon 
may be compared (tested) against a theoretically derived pattern (model) 
of the same phenomenon. Comparison between simulated and empirical data 
in map form would generally be employed in an attempt to test the valid­
ity of the theory ; but could be employed to test the degree of real world 
deviation from optimal theory.

The general technique was suggested above in the case where the map 
distribution is compared with a range of theoretical distributions gen­
erated by various spatial processes, e.g., stochastic, regular, or con­
tagious . In the extensive literature on the simulation of spatial dis­
tributions the theoretical models are invariably compared with the ap­
propriate empirical distributions in an attempt to varify and modify the 

18 theory.
A somewhat different procedure than the above involves comparing a 

map of an observed phenomenon exposed to a subject at time t, with the 
subject’s mental recreation of the map at t + 1, t + 2. . . ., t+n. 
This technique could be used in an investigation of mental pattern gen­
eralization processes. It is speculated that such research would prove 
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a revealing aid towards solution of the important problems of abstraction 
and generalization in map design.

Another application of model-map testing is found in studies of a 
group’s functional interpretation (distortion) of the psychological image 
of their physical environment. Many examples of the discongruity between 
geographical image and reality may be cited. In several instances maps 
have been constructed which caricature the geographic perspective of 
people in different regions. In any case, since attitudes and decisions 
are based upon psychological conceptions (often based on erroneous notions) 
of geographical reality, discongruity between this image and environmental 
reality is a valid topic for research. The problem is to test the degree 
of similarity or difference between the map recreation of a group’s (de­
fined by region or social class) functional space and a more conventional 
(but less relevant) Euclidean description of it. It may be further pos­
sible and desirable to group these "mental maps" into clusters asserted 
to represent different types of individuals within a given region or cul- 

19 tural complex.
In conclusion, comparison of a generated, theoretical pattern with 

a map of the actual distribution introduces one more potential source of 
artificial noise into the cartographic system. Neither the map pattern 
nor the theoretical pattern portrays the only "real" one. A statement 
of probability for the theoretical distribution would appear to be even 
harder to come by than is that for the map itself.

(C) Visual Pattern Comparison

We see then that the search for association between several distri­
butions is a common map-reading task of the "fishing expedition" type of 

. 20science. Visual analysis of pattern association constitutes the tra­
ditional method. In addition to random and systematic noise introduced 
into the cartographic system by the map maker through his available tools 
and materials, the map user, by virtue of inherent or acquired limita­
tions, exhibits an inability to read the depiction without further dis­
torting the flow of information.

The accessibility of cartographically displayed information has not 
yet been measured satisfactorily. Several variables are involved. 
First, maps and other symbols are intended to communicate something.
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They are to be read and not merely stared at. Even if maps could be 
made in forms which best induced an understanding of their messages, 
comprehension of these messages would still always rest on the ability 
of the map reader. In part because maps are extremely complicated 
symbols, one has to learn how to read them. Unfortunately, instruction 
in map interpretation too often begins and ends with training the in­
terpreter in awareness of the key (legend). The truth is that little 
is known of proper (i.e., most efficient) map-reading technique. The 
result is probably a wide range in map interpretation abilities even 
with so-called trained professionals.

Secondly, the capacity of the map reader as a data processing sys­
tem is finite and asserted to be relatively small.23 An overload of 

information input in the form of mapped data could easily strain this 
limited capacity and lead to poorer quality retrieval. At this time we 
know neither the human capability nor how to measure "bits” of informa­
tion displayed on a map. We may assume, however, that if the amount of 
data that can be transmitted effectively at a glance is finite and small, 
then the logical goal in cartographic design is to maximize the signal- 
to-noise ratio. The problem of efficient encoding, then, is how to treat 
a signal plus noise so as to get a best estimate of the signal.2^ One 
approach is to eliminate as much distracting detail (high frequency com­
ponents) as possible, as if the mind’s eye does in fact function as a 
high-pass filter. It seems as though, as far as the map reader is 
concerned, mapped data that are not used or are not even recognized as 
information, for most practical purposes do not even exist. If the map 
reader consistently filters out" certain types of graphically presented 
information, then there would seem to be little reason for its inclusion 
in the first place. In the same vein, if it is found that certain 
graphic forms are consistently over-weighted by the map user, then in 
the interest of maximizing the signal-to-noise ratio these features might 
better be avoided. Unless, that is, such graphics can be employed to 
positive ends.

Thirdly, the map reader views a map with a high degree of personal 
bias and is easily influenced by the character of the display and the 
nature of the subject. Even the most accurate maps in terms of positional 
or magnitudinal variables may evoke "impressions" as well as reveal en- 
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coded information. Although this ability to evoke impressions may be 
useful, it can also introduce undesirable noise. The map is thus a 
visual as well as a factual implement and must be treated as a "psych­
ological force" as well as a form of scientific illustration and ana­
lysis . Special purpose cartography is largely founded, albeit implic­
itly, upon this notion. It is a simple task to create maps to support 
theories impressionistically. The type, size, color, design, and posi­
tioning of cartographic symbols can all be used to advantage. The range 
of equally "correct" projections provides an additional alternative. 
Propaganda maps—that is, maps intended to convince—provide an extreme 
example of special purpose cartography. In this case an explicit at­
tempt is made to create a desired impression, even if this involves de­
ception. Propaganda mapping, particularly from the point of view of 
successful advertising, is important enough to warrant further atten­
tion. In particular, a better understanding may be gained of the impact 
or impression on the reader created by different symbols, design feat­
ures, and so forth. Information of this nature would seem to be of value 
in the design of more effective maps for presentation purposes. Again, 
a look at maps in advertising may prove revealing.

And, lastly, visual pattern comparison yields subjective assessments, 
regardless of the power of the perception. These subjective conclusions 
(descriptive terms) are generally of the nature "highly correlated," 
"poor association," and so on rather than "I am stimulated to go to the 
tabular data." It is apparent that these estimates are neither precise 
nor consistent. In spite of the ease of use and the speed of visual 
estimates, many situations demand more sensitive and/or objective (re­
peatable) measures for describing the degree of association between 
spatial distributions. By turning to quantitative techniques, researchers 
claim to gain the objectivity and comparability lacking in subjective 
visual assessments. More often than not, however, the derivation and use 
of elegant quantitative descriptions of spatial associations has posed 
far less a problem than has the difficulty in interpreting the results.

The conclusion to be drawn from the discussion in Chapter III is that 
"eye ball" methods of map comparison are probably unsatisfactory for cer­
tain purposes. This is to be expected of a "tool" designed for a speci­
fic task and is no real cause for alarm. The map cannot be criticized 



30.

for its misuse on the part of the unaware researcher. What is needed 
is a clear and definite statement of the utility and limitations of 
maps in scientific argument. Knowing which numerical measures of as­
sociation most suitably replicate the visual notion of pattern associ­
ation would allow the researcher to roughly interpret his intuitive 
judgment in light of a quantitative model.

In the absence of extensive research into the various aspects of 
visual pattern comparison, important questions remain unanswered. Has 
the fundamental dependence on visual comparison of maps been an efficient 
and sound scientific technique? Can the intuitive, qualitative processes 
generating percepts in the experimental observer in a pattern comparison 
situation be put into quantitative notation? Would psycho-physical 
testing of visual map evaluation yield results that were meaningful and 
applicable in setting future cartographic standards? Quantitative tech­
niques have been advanced as being more efficient and objective, but pose 
formidable problems in interpretation. When are what specific techniques 
applicable? When are the added costs in time and labor associated with 
their use warranted? In what situations, if any, is visual analysis suf­
ficient or actually more powerful? And finally, using the above informa­
tion, can a set of rejection levels be established to guide the researcher 
in his decision of whether or not to abandon the visual technique for more 
objective quantitative measures in a given situation? The next section 
is intended to outline one possible approach toward gathering the sorts 
of information required to answer some of these questions.
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IV. EXAMPLE EXPERIMENT

(A) Problem

Man’s perceptual information-processing mechanism is intricate and 
inaccessible. "What little is already known about its capabilities. . . 
appears to rest largely upon Inferences from observed correlations be­
tween externally imposed inputs (or stimuli) and the ensuing outputs 
(or responses)."1 The evaluation of human capabilities of visual pat­

tern comparison is one example of this sort of research. An appropri­
ate experimental procedure is available and well documented in the 
literature of intuitive statistics. In particular, "... a number of 
investigators have used formal statistical theory as a point of refer­
ence for the study of human inferences. For many uncertain situations, 
statistical theory provides models for making optimal inferences. The 
psychological research consists of examining the relation between in­
ferences made by man and corresponding optimal inferences as would be

2 made by "statistical man". Thus, numerical techniques for detecting 
non-randomness between distributions provide a convenient standard 
against which visual estimates might be evaluated. In spite of the 
obvious application of this technique as a means to further under­
standing visual map comparison, the dearth of references on the topic 
is outstanding.

A simple experimental procedure is to test if subjects are cap­
able of judging whether map-like patterns are identical, similar, or 
otherwise related. Psychologists have explored this concept in research 

3 
on "visual sameness.11 Decision time is the common standard of evalua­
tion. A complex but more interesting procedure is to test the ability 
of subjects to discriminate the degree of "sameness" between map-like 
displays. The classic work in the field of map comparison is the mono­
graph by McCarty and Salisbury.* Groups of subjects (Ss) with different 

levels of "training" were given a series of tests in which map images 
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were displayed in flash card fashion or projected from Kodachrome 
slides. Subjects were asked to (a) estimate the degree of similarity 
between pairs of isopleth maps in terms of a simple product-moment 
correlation coefficient (r), or (b) select the proper map (e.g., most 
or least correlated) from several choices. Results of their experiment 
tend to indicate that an optimum combination of variables for purposes 
of map comparison include: few classes or intervals (quartile or quin­
tile) , low order surface complexity, gradient system of color (either 
gray-scale or chromatic), high positive correlations, subjects with 
considerable geographic training, and selection of most or least cor­
related maps from several choices. McCarty and Salisbury suggested 
that . a principal defect in visual comparison lies in respondent’s 
inabilities to estimate differences accurately as well as in their in­
abilities to detect the direction of the associations that are involved.” 

They conclude by stating :

In brief, the findings do not support the contention that visual 
comparisons of isopleth maps provide an effective means of deter­
mining or demonstrating the degree of association that exists 
between sets of spatially distributed phenomena. Only in cases 
in which the degree of association is very high does the process 
produce results which approach the standards of accuracy generally 
demanded in present-day research and teaching. . . .

On the other hand, visual methods produce generally satisfac­
tory results, even among untrained students, when the sole object 
is to select pairs of maps whose distributions are most highly 
correlated when several alternative choices are available; and 
in this role of guiding the progress of a geographic investiga­
tion by suggesting new independent variables, map comparison 
seems to perform effectively.6

in review of the McCarty-Salisbury project, it should be mentioned 
that there is little if any intuitive reason to use r as a statistical 
model against which to evaluate visual pattern comparison. On the con­
trary , r is an abstract concept measuring the degree of association on 
a scale ranging between t 1. In order to obtain the percentage or 
amount of variance in one distribution explained by a second, r must be 
squared. The relationship between r and r is shown in Figure 4.1.

Study of Figure 4.1 reveals one reason why it is so difficult for 
subjects to estimate r in the zone of medium correlation. Regardless
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of the relation between r and r , requiring subjects to estimate a 
numerical coefficient of correlation of any kind appears to be unreal­
istic. For it is highly unlikely that this procedure is followed in 
actual map comparison situations.

In spite of its lack of conceptual or methodological sophistica­
tion, Dent’s work with the census tracts of Canberra, Australia, is 
interesting. He used five maps, each divided into four classes, and 
colored in a gradient brown sequence. Both "geographers" (13) and "non­
geographers" (11) were asked to estimate the simple product-moment co­
efficients of correlation, r, between variables from the map patterns 
by indicating their relative positions on a line scaled from +1 to -1. 
Comparing results over 10 trials, each with the relevant correlation 
matrix, it was concluded that the difference in performance (accuracy) 
between the two groups was not significant. Dent's research was un­
doubtedly biased by the use of variable sized statistical units (census 
tracts), an arbitrary color scheme, not unlike that found on many maps 
in use, and small samples. Regardless of these criticisms, however, 
his observation that subjects made more and larger errors with negatively 
correlated items is consistent with the findings of McCarty and Salisbury.

The works of Dent and McCarty-Salisbury dealt directly with per­
ceived correlations from maps versus Pearsonian product-moment correla­
tions between data sets employed in map compilation. Olson reasoned 
that original data are considerably transformed or distorted in the 

g 
process of map generalization. Therefore, she dealt with perceived 
correlations from choropleth maps versus rank-correlations (Kendall’s 
tau) measured between class intervals on the same maps. Comparisons 
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were made on distances between stimuli as all possible combinations 
of three maps were displayed in flash card fashion. Stimuli A, B, and 
C were presented and the subjects asked to judge whether B or C were 
more like A. Taking each variable by itself, at the 5 percent level, 
one-way analysis of variance showed that : (1) training produced no
significant difference in results ; (2) a significant increase in errors 
resulted from increasing map complexity; (3) there was a significant 
increase in errors with decreasing differences in correlation (△ tau) 
between map choices; and (4) there was a significant increase in errors 
with decreasing correlation between map choices. Discrimination be­
tween map choices was most difficult with medium correlations (tau = 
0.4, 0.6). Olson also concluded that map pattern must have influenced 
results in some way not measured by the test procedure.

The high level of agreement between Olson’s findings and previous 
work suggests that distortions resulting from cartographic processing 
were limited in the case of the choropleth maps utilized. At least 
distortion was distributed so as not to upset the probable monotonic 
relationship between Kendall’s tau and Pearson’s r, when measured be­
tween stimuli maps and original data sets, respectively.

Consideration of the McCarty-Salisbury, Dent, and Olson studies 
exhausts known extant map comparison research. The idea is to use 
these studies in the context of Part I of this dissertation to design 
a more effective experimental procedure. The role of maps in scienti­
fic research was discussed in depth in the section on "Information 
Retrieval «" The conclusion was that maps serve best in the initial 
hypothesis generation phase of research, as opposed to the latter 
hypothesis testing phase. The inductive use of maps in theory-formu­
lation seems to involve either : (a) choosing (identifying) the maps
of independent variables from which others (dependent variables) are 
derivatives ; or (b) in the more sophisticated sort of research, the 
comparison of map(s) 1 . . . n with a base map (anchor stimulus) in 
search of a "best fit." A rank ordering naturally results ; that is, 
measurement is in an ordinal scale. In the section of "Maps and 
Graphics" it was emphasized that a single map is just one of many pos­
sible graphic interpretations of a single spatial data set. Each version 
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yields a slightly different pattern which in turn would seem to modify 
the visual impact evoked by the map. Although little is known of the 
capabilities of the various cartographic expressions in terms of the 
exchange of information, one might surmise that the diverse techniques 
of portraying statistical data are not equally effective in attaining 
communication objectives. Since information transmission is funda­
mental to pattern analysis, it follows that the different graphics are 
not equally efficient for map comparison purposes. In spite of the in­
clusion of a pattern complexity variable in several of the experimental 
designs mentioned above (i.e., the research of McCarty-Salisbury and 
Olson), little is known of the pattern complexity problem. However, 
evidence does suggest that there are rather severe limits on the com­
plexity of patterns that subjects can compare effectively. On the 
other hand, it seems that pattern complexity in the computational sense 
may not necessarily imply complexity in the visual sense, and vice versa. 
The complexity variable does warrant further consideration.

An experiment is now proposed which includes three independent var- 
tables : type of graphic, pattern complexity, and degree of association. 
In the proposed experiment the amount of information that goes into the 
visual presentations of the graphical form of the distributions will be 
held constant. The portrayal graphic will be varied. The problem is 
not psychophysical but rather refers to the relative effectiveness of a 
range of graphics when they are employed for a particular purpose, in 
this case visual pattern comparison. Map complexity will be minimized 
in the proposed experiment by considering only three conceptually and 
computationally simple distributions.11 The experiment will utilize an 

incomplete cartwheel design based on the method of rank order in which 
subjects are presented with all n stimuli and asked to rank order n-1

12 of them against a referent.
The specific problem can be formulated in the following way:
(a) How is the performance level in visually estimating the degree 

of association between map pairs influenced by (1) the type of 
cartographic depiction, (2) the complexity of the map distribu­
tion, and (3) the degree of correlation between maps?

(b) Does the coefficient of determination, r , a common numerical 
measure of association, serve as a satisfactory substitute for
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(or means of evaluating) visual estimates?

(B) Data.
Hypothetical data having specified correlations were generated with 

a computer program.13 All variables consist of 256 observations, with a 
mean -^50 and a standard deviation ~ 18. Variable pairs exhibit a range 
of Pearsonian product-moment correlation values, r, between t l such that 
the intervals (Ar) are constant at .10 for r2 (coefficient of determina­

tion) . For both theoretical and practical reasons, prior to map compila­
tion the number of variable pairs was reduced from 21 to 17 by eliminating 
the t 30 and ± 10 r2 values. (See Appendix A) . Data then consisted of 
a single independent variable of 256 non-dimensional observations and 16 

dependent variables of the same size.

(C) Map Compilation
These data could be organized to create a large number ce trend sur­

faces (e.g., linear, quadratic, cubic, etc.) by specifying different 
spatial formats. Three relatively simple trend surfaces were chosen for 
this experiment (Figure 4.2). The first distribution is linear, pro­
gressing from one high value zone in the upper left corner to one low 
value zone in the lower right corner. The second distribution is quad­
ratic, progressing from one high value zone in the center of the display 
to low value zones in each of the four corners. The third distribution 
is labeled cubic, progressing from two high zones in the centers of diag 

onal quadrants to two low value zones in the outside comers of the 
other two quadrants. Note that the more complex the trend surface, the 
"tougher" it must be because values of the same magnitude are spread 

over a wider area.
It was believed that a person's ability to extract information from 

a map is a function of the type of graphic utilized in the display. To 
test this hypothesis, it was necessary to select a testable (small) but 
representative sample from the wide range of available graphics. Three 
commonly used techniques were chosen: dots (point symbols), choropleths 
(areal symbols), and profiles (line symbols). Each data set (representing 
one of the three distribution types) was mapped in each of these graphic 

forms. (See Appendix B).
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(D) Experimental Method

(1) Subjects
Subjects were chosen from the students and faculty at the Univer­

sity of Michigan. The sample (consisting of : Physical Geography class 
(62 Ss), Geography graduate students (18 Ss), Introductory Cartography 
class (22 Ss), and Psychology and Geography staff members (9 Ss)) was 
selected on the basis of : (a) map familiarity, (b) availability in
sufficient numbers to yield significant results, and (c) interest and 
willingness to participate in the experiment. Faculty (volunteers) and 
graduate students (paid—$1.50/session—volunteers) were run individu­
ally . Undergraduate classes were run in groups of up to 12 individuals, 
with a $5 prize for the best test return within each group. 
(2) Materials

Each subject was presented with a large Manila envelope containing 
the following materials :

(a) a page-size sheet displaying a linear surface map in each of 
three graphics (i.e., dots, choropleths, profiles);
(b) a letter-size brown envelope labeled Sample Tests containing 
three sets of four maps (Format + 3 displays) representing the 
quadratic dot, quadratic choropleth, and cubic profile cases; 
(c) nine randomly ordered test packets in letter-size white en­
velopes representing possible test combinations (i.e., linear dot, 
quadratic dot, cubic dot, linear choropleth, quadratic choropleth, 
cubic choropleth, linear profile, quadratic profile, cubic profile), 
each containing seventeen maps (Format + 16 randomly ordered dis­
plays) .

(3) Procedure and Design
Approximately 15 minutes were taken to explain informally to sub­

jects the nature and design of the experiment. The following topics 
were covered : (a) the contemporary interest in visual pattern analysis
in diverse fields of research, (b) the role of pattern comparison in 
map analysis, (c) the criteria used in selecting subjects, (d) the im­
portance of high motivation and the incentive provided, and (e) the 
timed nature of the experiment (9 five-minute tests). Subjects were 
told that no deception was involved and questions arising throughout 
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the experiment would be openly answered.
Subjects were then instructed to empty the large envelope found 

in front of them, being careful not to alter the order (arrangement) 
of its contents. The experimenter, referring to the sheet containing 
the three displays, gave a brief explanation of each map. This in­
cluded principles of construction and the nature of the various graphics. 
Subjects were told that displays were properly oriented only when the 
marginal black spot was at the top. After all questions were answered 
and when it seemed apparent that subjects understood that all three maps 
depicted the same linear distribution, they were instructed to put the 
display sheet aside. Subjects were then informed that the task of the 
following experiment would be to study a base map (labeled Format) and 
then rank-order 16 other maps in terms of their degree of likeness or 
association with the referent display. The 16 maps were to be arranged 
in a continuum such that the map most highly correlated with the Format 
positively fell at one end, and the one most highly correlated with the 
Format negatively fell at the other end. The map with the least degree 
of likeness to the Format should be placed midway between these extremes 
The result should be a uniform progression in correlation from the high 
positive to the high negative end maps. To make this clearer, subjects 
were instructed to open the envelope labeled Sample Tests. The three 
sets of four maps found within were used to familiarize subjects with 
the experimental procedure. Taking the choropleth set first, subjects 
were told to look at the Format and then rank-order the remaining three 
displays as instructed above. After all subjects had successfully com­
pleted and seemed to understand this test, the procedure was repeated 

with the dot and profile samples.
When the sample tests were completed, subjects were informed that 

the remainder of the experiment would be timed. They had 4 1/2 minutes 
to rank-order each test packet, which thereafter consisted of 16, not 3 
displays to be ranked. After 4 minutes they would be informed that 
there were 30 seconds left in which to make final adjustments. Sub­
jects were asked not to make noises of delight, frustration, etc.; not 
to talk; and not to begin or pick up a test series before notified to 
do so. The importance of picking up displays so as to preserve their 
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order was emphasized. Maps were to be stacked with the Format on top 
and the most negatively associated display on the bottom. This could 
be accomplished by picking the Format up first, the most positively 
correlated display next, and so on, such that the last display to be 
picked up would be the most negatively associated map. When this was 
accomplished, the pile of maps was to be placed back into the envelope 
from which it came and the subject should wait for instructions to 

continue on to the next test packet.
The testing procedure was repeated until all nine test envelopes 

had been completed. Upon completion of the tests subjects were asked 
to fill out a personal data sheet. When this was done they were told 
to put all materials (i.e., display sheet, sample tests packet, nine 
test packets, personal data sheet) back into the large envelope. This 

terminated the experiment.
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V. DISCUSSION OF THE RESULTS

(A) Statistical Evaluation

A large number of nonparametric statistical tests, sometimes re­
ferred to as "order statistics" or "ranking statistics", are appropriate 
for testing hypotheses with data measured in an ordinal scale. Data 
from the present experiment consist of judged rankings versus statisti­
cal rankings on n = 16 items (maps). A measure of the degree of corres­
pondence between these two rankings can be thought of as a measure of 
the intensity of their rank correlation. That is, if the estimated rank 
of each map on each of the nine data sets is denoted as X^, X^, . . ., 
X^, and the actual rank in each case is represented by Y^, Yg, • • •» Y^, 
we may use a measure of rank correlation to determine the relation be­
tween the X's and the Y's. The various differences, d^ = X^ - Y^, here­
after called ranking displacement, can be thought of as an indication of 

2 the disparity between the two sets of rankings. Thus, rank correlation 
is a test of the efficiency or a measure of the ability to appraise or 
detect something by ranking. In this case, it is a measure of subjects' 
success at the task of visual map comparison.

A rank correlation coefficient known as Kendall's"T'(tau) was com­
puted. Tau values for the nine map sets averaged for the 100 subjects 
are plotted in Figure 5.1. The lowest *p" scored by any of the subjects 
on the 900 map tests was .5833. Since this "low" coefficient is highly 
significant (p^.01), the author comes to two conclusions. First, each 
subject's judged ranks are significantly related to actual ranks (i.e., 
each subject can do the task). Second, since 100 percent of the sample 
performed significantly above chance there is little doubt that, in the 
population of which this sample is representative, virtually everyone 
can do the job.

The idea is to investigate whether one combination of map variables 
was more efficient in transmitting mapped information than another. If 
"f" values were normally distributed then the difference between"T scores 
for various combinations of the nine map cases could be compared, ap­
proximately, by an ordinary t-test. But in this instance T scores were 
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FIGURE 5.1

MEAN TAU STATISTICS WITH STANDARD DEVIATIONS 
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highly skewed and all values were concentrated in the zone of high pos­
itive correlation. For this reason, it was decided that analysis of 
variance using ranking displacement data would be more appropriate and 
easier to interpret than further analysis of "T scores.

Each stimulus (map) was ranked the same number of times (100), pro­
viding arithmetic convenience. Since rankings were made in terms of a 
limited number of categories, the observed frequencies may be conveni­
ently arranged in n x m matrices such as those found in Tables 1 ... 9 
(Appendix D). To aid in the interpretation of these tables (confusion 
matrices) data were both statistically and graphically analyzed.

Study of the nine confusion matrices indicated that several pairs 
of maps were consistently inverted in subject rankings. Scrutiny of the 
anomalous map pairs suggested that in each case subjects grossly mis­
weighted unnatural or randomly occurring map details (see Appendix E for 
further discussion). Although these inversions could provide an infor­
mative means of looking into the perceptual mechanism involved in this 
map comparison situation, this was not the principal goal of the exper­
iment. Since these non-conforming mis-rankings introduce "noise" into 
the general response trend, the author elected to re-invert the affected 
map pairs for purposes of visualization (see the following graphs). The 
original data consisting of ranking displacements were left intact for 
statistical analyses.

(B) Graphic-Complexity Interaction

The idea is to use analysis of variance to examine the factorial de­
sign and observe whether variations of the independent variables (map at­
tributes) significantly affect the dependent variable (subject response). 
Two-way analysis of variance using ranking displacement data indicates 
that there is a highly significant (.005 level) interaction between the 
graphic and complexity variables (Table 5.1). Thus it is interesting to 
look at various combinations of the map sets to see whether there is a 
simple, direct relationship between these variables.

(C) Graphics

When total ranking displacements are averaged across the complexity 
variable there is a highly significant graphic main effect (Table 5.1). 
The results of pooling errors over the complexity variable graphic by



TABLE 5.1
ANALYSIS OF VARIANCE FOR 

FACTORIAL DESIGN

Analysis 
of 

Variance

Source 
of

Variation

Degrees 
of

Freedom

Sums 
of 

Squares

Mean

Squares
F

Significance
Level

Graphic 2 12668.7 6334.3 204 .005
Complexity 2 147.9 74.0 2.4 .10

Two- Graphic/ 4 1866.9 466.7 15 .005Way Complexity
(3 x 3) Within 

Replicates 891 27459.0 30.8

Total 899 42142.6
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graphic are illustrated in Figure 5.2a and 5.2b. The difference between 
the areas under the 3 curves in Figure 5.2a implies that the discrepancy 
in total ranking displacement between pooled dot and profile map sets is 
less than the discrepancy in total ranking displacement between grouped 
dot or profile map sets and choropleth map sets. These observations e 
confirmed by Tables 1 and 2 in Appendix E.

Figure 5.2b illustrates the frequency of ranking errors for items 
1. . . 16, as opposed to the size of errors (rank displacement) which is 
plotted in Figure 5.2a. Although this has the effect of abstracting the 
size of errors from consideration, the comparative relations of the 3 
curves in Figure 5.2b remain the same as shown in Figure 5.2a. It is 
evident that the mean size and number of errors vary from graphic to 
graphic. This is important when contemplating the use of maps in re­
search. The choice is between using a map type that minimizes the chance 
of making (a) more but smaller errors or (b) fewer but larger errors.

The distribution of ranking displacement and ranking errors in re­
lation to items 1. . . 16 is also revealing (Figures 5.2a and 5.2b). 
When interpreting these and following graphs it is important to note that 
the increment (A) in r^ values between ranks 6 (+.40) through 10 (-.40) 
is 20 percent, not 10 percent, as is the case with the remaining ranks. 
Thus, it is expected that relatively fewer errors would be made in this 
zone. With the exception of profile maps, this appears to be the case. 
The roughness or higher incidence of hidden profiles in plots as r ap­
proaches 0 appears to have obscured the percentage of volume under the 
surface described by the profiles. Since A r2 was greater in the medium^ 
to low r^ zone, it is reasonable to assume that map sets of constant A r 
would emphasize the error pattern even more. The assertion is supported 
by evidence given in Figure 5.3a, which illustrates the results of pre­
senting map sets of constant Ar2 = .20 to 11 Cartography students. Al­
though use of a A r2 as large as .20 made map comparisons too easy to 

yield powerful results, it is interesting to note that the profile map 
sets now exhibited the largest number of total errors and these errors 
occurred primarily in the medium to low correlation zone.

It may also be interesting to compare responses between the two 
groups of cartography students. Data from the section run according to 
the standard testing design might be transformed into a form comparable
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FIGURE 5.3
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with the special section by deleting ranking displacements between t .40 
to +1.00 and -.40 to -1.00 if they are < 2, taking into consideration 
the direction of mis-rankings with items t .40 (r ). Figures 5.3b and 
5.3d show the results of this transformation. Since there appears to be 
no substantial difference between Figures 5.3a and 5.3b, and Figures 5.3c 
and 5.3d, here is further evidence of the similarity between the psycho­
logical distance between maps and their proximity in a statisitical sense. 
One might also tentatively (the small sample size does not seem to jus­
tify rigorous assessments) conclude that the above transformation was 
founded on tenable assumptions.

Intuitively it seems that relatively smaller and fewer errors should 
2 be made as r values closely approached (f) 1, since errors can be made 

in only one direction from either end of the ranking. Comparison of the 
curves in Figures 5.2a and 5.2b indicates that this edge effect does 
exist. The trend is most apparent in the choropleth and profile map 
plots, which appear to differ only in magnitude of errors. Dot maps do 
not exhibit such a strong pattern. On the contrary, the largest number 

2of errors with dot maps were made with the highest r values. One in­
terpretation of why subjects had most difficulty ordering highly cor­
related dot maps is that the density gradient was not strong enough to 
provide sufficient visual cues to allow perception of map differences. 
Mackay’s research, indicating that dot density tends to be underestimated 
in high density areas,$ and Birch’s convincing demonstration that local­

ized dot density appears to the eye to vary inversely with that of the 
surrounding area, tend to support this finding. The distortion of the 
visual field noted by Birch is similar to the findings of psychologists 
on field effects in two-dimensional form perception.? Since dot density, 

or, for that matter, choropleth tone categories, can be considered to be 
a montage of symbols (forms), the notion of field effects may yield use­
ful insight. ‘

Upon comparison, response plots for choropleth maps (combining er­
rors across the complexity variable) appear nearly identical in Figures 
5.2a and 5.2b. This is also true for the profile maps. But comparison 
of the plots of errors for pooled dot maps reveals a deviation in the 
high r value zones. This means that in these cases a large number of 
small errors were made, thereby diminishing the plot of ranking errors 
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relative to the medium r value zones where errors were about the same 
in number but larger in size. Several possible explanations have been 
mentioned: (a) limiting the errors to one direction has the effect of 
diminishing their number and size, and (b) the eye appears to "smooth" 

and diminish dot intensity.
Discussion of Figures 5.2a and 5.2b is concluded with the obser­

vation that there appears to be little difference between the total 
number of errors made on positive and negative items once the several 
"mis-weightings" are corrected. Since this observation contradicts 
McCarty and Salisbury's conclusion that more errors are made with neg­
atively correlated items, here is more evidence to indicate that sub­
jects often failed to record minus signs with estimated r values in 
their experiments. Why Dent found more errors with negative items is 
less clear. The reason why this conclusion contradicts a number of 
observations in psychological literature that subjects show greater g 
accuracy in estimating positive correlations is even more obscure. 
The author speculates that these conflicting conclusions provide further 
evidence that subjects do in fact have a working notion of graphic cor­
relation.

(D) Complexity

When total ranking displacements are averaged across graphics there 
is no significant complexity main effect (Table 5.1). But there is an 
interesting relationship between surface complexities, graphic by 
graphic (Figures 5.4 and 5.5).

Subject response to choropleth map complexity is shown in Figures 
5.4c and 5.5c. Only slight differences exist between the three curves. 
They are entwined throughout. There is a slight improvement in subjects' 
ability to compare choropleth maps as surface complexity increased.

Subject response to dot map complexity is illustrated in Figures 
5.4b and 5.5b. Although the curves exhibit less braiding than the chor­
opleth set, the pattern is essentially the same. The most complex sur­
face evoked the least error, but in this instance the simplest surface 
did not exhibit the fewest errors. Thus, it cannot be said that there 
is a general trend in the pattern of errors commensurate with increasing 
surface complexity, as is the case with choropleth maps. It is possible,
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however, that such a trend exists but was obscured in this experiment 
by displays having cartographic, photographic, or printing imperfections. 
This notion is supported by the pattern of errors in the two most highly 
positively correlated items. Although the most highly negatively cor­
related items do not exhibit the same pattern, it was already mentioned 
that a special weighting mechanism possibly involved in this instance 
would negate general error trends.

Subject response to profile map complexity is shown in Figures 5.4a 
and 5.5a. The curves exhibit less similarity and interlacing than either 
of the previous examples. More specifically, the linear and quadratic 
sets exhibit the most braiding, and all sets are more highly entwined in 
the zones of high correlation. The linear case is bi-modal, with more 
errors made with negatively correlated items. In the quadratic case, 

2 errors become more evenly distributed throughout the r value range. 
The cubic case distinctly exhibits the most errors in the medium to low 
r zones, with more errors made with negatively associated items.

The similarity in the pattern of ranking errors or ranking dis­
placement between graphics can be studied in previous figures, but it 
is more easily visualized by plotting the range in errors between pooled 
surfaces for each graphic (Figures 5.6a and 5.6b). Considering the 3 
ranking error curves together, it is apparent that subjects perceived 
choropleth maps to be most similar to each other and profile maps to be 
least similar to each other, with dot maps falling between these two. 
In other words, subjects were least influenced by the range of complex­
ity in choropleth map distributions and most influenced by the range in 
complexity in profile map distributions. Considering the distribution 
of errors in terms of r values, it is evident that the perceived dif­
ferences in profile map complexity was generally greatest in the low to 

2 medium r zone. Dot and choropleth maps show no obvious trend.
The difference between the curves on the two graphs (Figures 5.6a 

and 5.6b) indicates that the size and distribution of errors varied 
considerably from surface to surface and graphic to graphic. The greater 
the discrepancy between the two figures the larger the size of the aver­
age error made on that particular item. The large ranking errors in the 

2 low to medium r zones with profile maps, positively correlated dot maps, 
and high negatively correlated dot maps, is notable.
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(E) Subject Consistency

Grouped subject consistency is indicated in Figures 5.7a, 5.7b, 
and 5.7c (unlike previous graphs, these plots are based on the original 
ranking displacement data). Subject response to the 3 choropleth map 
complexities was almost equally consistent (Figure 5.7c). The plots of 
standard deviations are bi-modals with lowest values occurring in high 
positive, high negative, and low correlations. Slightly more larger 
deviations were made with negative correlations, but this was largely 
due to several anomalous mis-rankings (discussed above).

Subject response to the 3 dot map cases was less consistent (i.e., 
there were larger discrepancies between the 3 curves) than was the case 
with choropleth map sets (Figure 5.7). The linear and quadratic sets 
are definitely bi-modal, with smallest deviations in the high positive 
and low correlation zones. The cubic case shows smallest deviations 
with high positive, high negative, and low correlations, but indicates 
an increasing size in standard deviations from the medium positive 

2 through the low to the medium negative r zones. All 3 cases (com­
plexities) show higher deviations with high negative than with high 
positive correlations. As was asserted above, this can be explained 
largely by the several map inversions that resulted from visually 
over-weighting empty cells.

Subject response to the 3 profile map complexities was the least 
consistent of the 3 graphics considered (Figure 5.7a). The linear case 
exhibits larger deviations with negative than with positive correlations 
but smallest deviations are seen in the highest correlation zones. The 
deviations trend with quadratic maps is not distinct, except that small­
est deviations were made with high negative correlations. The cubic 
case represents a major break from the linear or quadratic pattern. 
Largest deviations were made in the medium to low correlation zones.

(F) Interpretation of the Results

A tabular summary of the experimental results is presented in Table 
5.2. This is self-explanatory. The same data are depicted graphically 
in Figure 5.8, which is a generalized illustration of the pattern of 
error dispersion on the nine confusion matrices (Appendix D). Recall
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that perfect orderings would result in a straight line along the princi 
pal diagonal. The dot map graphs illustrate the most flare at the ex­
tremes, but this flare lessens as complexity increases. Choropleth 
graphs illustrate a bi-modal flare, which also decreases with increasing 
complexity. Profile maps illustrate a range in the pattern of flare 
from distinctly bi-modal (linear) to slightly bi-modal (quadratic) to 
strongly uni-modal (cubic). Zones of r2 and degrees of complexity where 

each graphic is strongest or weakest in conveying mapped information is 
readily apparent. In general, these schematized confusion matrices 
should be interpreted with caution in light of variable r .

The utility of various graphics is summarized in Figure 5.9. Solid 
lines depict the generalized function: errors = f (complexity). Broken 
lines are possible extrapolations of these curves. Choropleth maps were 
compared well by all subjects and no distinct trend is apparent. The 
implication is that the choropleth maps used were much more effective 
information communicating devices than either the dot or profile maps. 
This suggests that choropleth maps could be extended well into higher 
degrees of complexity before errors would reach the proportion found 
with the dot and profile maps used in this experiment.

The trend depicted in Figure 5.9 suggests that the efficiency of 
profile maps for pattern comparison breaks down quickly with increasing 
surface complexity. Both the number and size of errors increased dir­
ectly with the complexity of surfaces. This is intuitively sound, since 
the more random the distribution, the rougher the profile depiction be­
comes (i.e., the greater the number of hidden lines). It should be re­
membered, however, that comparison of profile maps is quite effective 
with high correlations and these are generally of most interest to re­
searchers using maps. The conclusion that profile maps are of question­
able utility would seem to contradict the prevailing belief in the super­
ior visual characteristics of three-dimensional or perspective repre­
sentations, as opposed to the conventional two-dimensional map format. 
The visual attributes of profile maps seem to be inversely related to 
map complexity. Yet there is reason to mistrust such generalization. 
In particular, the 16 x 16 matrix (= 256 data points) used to generate 
maps in the present experiment results in a surface of quite different 
appearance than is generated by, for example, an 80 x 80 matrix (=6400
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data points).
Dot maps exhibit fewer errors with increasing surface complexity, 

but this trend must reverse itself eventually. How soon this reversal 
takes place and how few errors are involved with greater surface com­
plexities are intriguing questions left unanswered. In spite of the 
larger number of errors with simpler surfaces, it should be remembered 
that the most errors were made with highest correlations. This unde­
sirability from a research standpoint is somewhat lessened by the fact 
that the average error was small in this zone and therefore would not 
seem to hamper picking highly correlated items from a large group of 
maps. Finer distinction within this subset would be of dubious relia­
bility.

The results of this experiment are reviewed in Figure 5.10. Plots 
represent conceptual notions, not true data. Perceived or apparent in­
tensity (magnitude) of the range of map distribution values is graphed 
as a function of the scaled or actual distribution values. If subject 
perception conformed perfectly to absolute scaling, a straight line re­
lationship (model) would accrue. That is, when a map cell contained 
value 5, it would be perceived as 5, not higher or lower. The goal of 
cartographic research is to design graphic symbol schemes that approx­
imate as closely as possible this straight line model.

Choropleth symbols (shadings) were based on the findings of per­
ceived versus actual gray scale intensities. Thus, they closely resem­
ble the model. Increasing the number of categories would lead to a 
better approximation, but would introduce counter-balancing confusion 
from increased map detail and complexity. The quintile interval with 
equal appearing shadings has been found to be the best compromise be­
tween generalization and visualization.^ The results of this experi­

ment suggest that the steps in shading were effective in producing maps 
that lend themselves well to comparison.

Dot-map scaling was not based on findings of previous research 
which suggest that the number of dots in the high density zone must be 
increased by 1/3 to provide a true sensory impression of the data map- 
ped.ll Researchers have been reluctant to adopt apparent value scaling 

on dot maps in spite of this information. The author chose absolute
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scaling and thus has rechecked Mackay’s findings and established a 
basis for future work along these lines. It does appear that subjects 
had difficulty distinguishing between maps, especially in the zone of 
highest correlation. Subjects also show greater ease of comparing more 
complex map sets with their more rapid and widespread variation in pat­
tern, for this made it more difficult for the eye to smooth local vari­
ation. This suggests that increasing dot density in high value zones 
might be more effective than absolute scaling, that is, it might reduce 
the discrepancy between the derived and theoretical curves on the graph.

Response to profile maps is more difficult to interpret. It does 
seem as though an increase in vertical exaggeration might produce dif­
ferent results. The author tends to feel that there was not sufficient 
range between high and low values on the maps. In any case, variation 
in values between these zones is extremely hard to discern. Although 
an increase in vertical exaggeration may enhance perception of the in­
tensity gradient, middle values would probably always remain hardest to 
discriminate.

It is illustrative to view all of these suggested modifications as 
attempts to transform the 3 curves into ones more closely approximating 
the model. In particular, available information implies that an in­
crease in dot density in high value zones or more vertical exaggeration 
with profile maps might improve results. Of course, additional vari­
ables must be considered simultaneously so that a proper balance results.

The author has found that visual map comparison and rank correla­
tion are highly associated. That is, one is a good mirror or model for 
the other. This could indicate that there is a high degree of similar­
ity between map comparison and a statistical ranking procedure. This 
conclusion is interesting in that review of previous literature revealed 
that, within the given experimental designs, subjects were generally 
poor at map comparison. Present findings directly contradict Smedslund’s 
conclusion that subjects with no statistical training apparently have no 

12 adequate concept of correlation. Since the present experiment employed 
graphical, as opposed to tabular or sequential, stimuli, we might con­
clude from the divergent results that subjects do in fact possess a cog­
nitive structure isomorphic with the notion of graphical correlation in 
spite of the seeming absence of correlational reasoning in a statistical 
sense.
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The personal data sheets provide another sort of information. 
Subjects were encouraged to comment freely on the test design and on 
their approach to ranking the various map sets. Test instructions and 
test design (i.e., time, number of maps/set, negative versus positive 
correlation, and general procedure) seem to have caused no serious 
problems with subjects. In fact, most participants rated their per­
formance as good. Subjects in general said that they found profile 
maps to be most difficult to order, while stating that choropleth maps 
yere easiest to arrange. This is interesting considering that the 
poorest performance resulted in ordering dot maps, if total ranking 
displacement is used as the evaluating criteria. It is true, however, 
that larger (but fewer) ranking displacements were made with profile 

maps.
It was observed that subjects spent less time ranking map sets as 

they gained experience at the task, which suggests a function similar 
to that depicted in Figure 5.11. Even though 41/2 minutes were given 
on every test, after a few sets most subjects were able to complete the 
ordering within 2 to 2 1/2 minutes. This progressive, but decreasing, 
reduction in task time suggests that "learning" played a role in initial 
attempts at map comparison.

It is significant that subjects exhibited some tendency to rely on 
"gimmicks" as a means of making the map comparison task easier. Al­
though test results were undoubtedly influenced by such procedures,

5
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there is no evidence to support their general validity. On the con­
trary, subjects were likely to be led astray by discovering a so-called 
"easy" solution to the task. Most notable examples were: (a) to com­
pare only several small sample sections over the map set, or (b) to 
compare the height of a corner from one profile map to the next. A 
more effective comparison technique discovered by many subjects was to 
look first at the overall pattern (macro-pattern). This technique gen­
erally sufficed to get the maps roughly ordered. Next, working in from 
the ends (high ± correlations), the degree of "roughness" or "smoothness" 
(micro-pattern) was used in making pair-wise comparisons. In most cases 
fine judgments could be made in this manner. The final step was to 
stand back, squint, take off glasses, etc., in an attempt to blur or 
smooth the pattern so that items out of place in the general trend (pro­
gression) could be detected.

Subjects generally indicated that they looked for correspondence 
between highest value zones first, lowest value zones next, and in-be- 

13tween value zones last. Olson confirms this observation. It is of 
interest to note that subjects seem to have searched explicitly for cor­
respondence, while, at most, implicitly for the absence of relationship. 
This observation is supported by several psychological studies in which 
the authors concluded that people do not deal consciously nor efficiently 

14 with negative evidence.
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VI. FUTURE RESEARCH

Figure 6.1 illustrates the variables that were tested in relation 
to possible combinations of test variables. The lack of completeness 
is conspicuous. A randomized selection may have been more appropriate. 
On the other hand, the present experiment was designed to provide a 
foundation for future research. To answer all questions raised is of 
course desirable, but it is equally interesting to have raised addi­
tional questions. A number of suggested research topics come to mind.

(A) Graphics

Dot, choropleth, and profile graphics were involved in this study. 
Within each graphic only one of many possible combinations of variables 
was presented. For example, dot size and unit-value/dot could be varied 
to produce different graphical effects. Different choropleth intervals 
and shadings should lead to different subject response. Altering the 
vertical exaggeration and incorporating vertical profiles would change 
the appearance of profile maps. Changing overall map dimensions might 
yield interesting results. The point is that before sweeping general­
izations can be made about the effectiveness of these graphics in trans­
mitting mapped information, a more thorough testing of these map varia­
bles will be required.

A much wider range of graphics is also available for testing. Al­
though dots, choropleths, and profiles are representative of point, 
areal, and line symbols, respectively, they are but a few of the graphics 
available to the cartographer. The sort of map evaluation performed in 
this dissertation should eventually be extended to include topographic 
maps. The evaluation procedure would have to be modified considerably 
to take into account how people use topographic maps in practice. That 
is, measurement on topographic maps (e.g., elevations, areas, distances, 
etc.) seems a somewhat different use of maps than visual pattern analysis 
of thematic maps.
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Subjects should also be tested with mixed (i.e., unlike) graphics. 
Either the displays to be compared to a referent may be of a different 
but common graphic, or a large number of graphics could be represented 
in a single set of maps to be compared. Such information might provide 
useful guidelines in those common situations encountered in research in 
which maps to be considered are not available in a single graphic.

The concept of apparent value scaling warrants more attention. 
it is possible that maps can be scaled in such a manner that perceived 
map information is nearly identical with the original data that were to 
be displayed. If this could be attained it would represent a major step 
forward in graphic communication.

(B) Complexity

Three degrees of surface complexity were evaluated in the present 
experiment. There are a myriad other surfaces of a linear, quadratic, 
or cubic nature. A test of only one of each type does not warrant making 
broad generalizations about subject response. The degree of complexity 
can also be extended to include far more complex surfaces, that is, those 
approximating more closely to a random distribution. It is expected that 
subjects* ability to work with increasing complexity is limited by the 
type of graphic utilized as well as by the inherent nature of the percep- 

2 tual mechanism.
It would be of interest to compare maps of simple, yet mixed com­

plexities. For example, what is the effect of comparing a linear to a 
quadratic surface, a cubic to a quadratic, and so on? The main point is 
that the distributions tested were artificial "degradations" of a base 
map. An actual map comparison situation would probably utilize quite 
different displays. Thus, it is imperative that more "real looking" sur­
faces be tested as well.

(C) Test Design

A rank ordering procedure was used in this study. Several drawbacks 
inherent in rank data deserve mention: (a) all judgments are not inde­
pendent due to a progressive reduction in alternatives; (b) errors must 
occur in pairs; and (c) errors are propagated throughout. There are sev­
eral advantages of a ranking procedure that help compensate for its de­
ficiencies. It closely approximates the speculated map comparison task; 
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it requires a minimum of testing effort and cost ; and it generates data 
that can be analyzed with little difficulty. Previous researchers have 
utilized: (a) numerical estimates of r from paired comparisons, (b) 
scaled estimates of r on a 1 l continuum from paired comparisons, and 
(c) a triadic ranking design. The experimental designs of McCarty- 
Salisbury^ and Dent^ (i.e., a and b above) were felt to be inadequate 

in previous discussions. Olson's cartwheel design deserves further con­
sideration.$ It is in fact far more powerful than a full ranking proce­

dure in that it possesses maximum error potential. In addition, a pair­
wise comparison may well be the basis of a full ranking procedure even 
though it is not explicit. On the other hand, the triadic design re­
quires a great deal of extra testing and analysis effort for a question­
able increase in information content. In conclusion, the procedure of 
pair-wise comparison is worth further attention.

In any event, the goal of the researcher should be a test design 
that most closely approximates the actual map interpretation process. 
Since the proper technique of map comparison is not known, one can only 
speculate on what the best experimental design might be. A rank order­
ing was chosen for this experiment. Several additional procedures are 
worth mentioning. For example, if a standard plus n stimuli were dis­
played in loose-leaf fashion, subjects could be instructed to select 
and remove the 1/n stimuli judged to be most like the standard. With 
no replacement, the subject would then remove the 1/n-l display most 
like the referent, and so on. As another example, it might be interest­
ing to present a large number of maps and ask subjects to pick the n 
displays that "add up to" the referent map. This procedure is based on 
the notion that a complex surface can be broken down into a number of 
lower degree (i.e., less complex) distributions.$ Instead of thinking 

in terms of linear, quadratic, cubic, and other components of a contin­
uous distribution, the design might be founded on the assumption that we 
can think of a pattern of discrete points as consisting of random, regu­
lar, and clustered component distributions in varying relative propor­
tions . Can subjects choose regular, random, and clustered map distri­
bution components such that they "add up" to a referent display? Or, in 
another test altogether, can subjects make the distinction between ran­
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dom, regular, and clustered point distributions?? Visual, judgments 

could be evaluated against cell counts and nearest neigh’ r analysis. 
In this same context it would be interesting to attempt to discern the 
characteristics of the "cartographic filter" operating in the mind’s 
eye. In general, what speculations can be made regarding visual or 
mental filtering of map pattern information? The object of research 
might be the study of correlation among numerous spatially distributed 
phenomena, among which no variables can be specified as independent or 
dependent. In this case, partial correlation methods are appropriate. 
The idea is to measure that part of the correlation between variables 
X and Y that is not simply a reflection of their relations with variable 
Z. Cox asserts that "while graphical co-variation has offered a carto­
graphic equivalent to the statistical coefficient of correlation, there 
is no such cartographic equivalent to the coefficient of partial corre­
lation." Thus, regardless of the fact that high partial correlations 
might be expected even with comparatively low coefficients of correla­
tion, variables have often been rejected in cartographic analysis if no 
obvious co-variation with the dependent variable is evident. This crit­
icism of cartographic analysis should be investigated. As another ex­
ample, researchers might seek to understand the nature and strength of 
the relationship between two sets of variables (i.e., maps). Given sets 
of maps y^. . . y^ and x^. . . x^, the question is what combination, x^, 
of maps x^. . . best predicts the common trend, y^, of the set of 
maps y^. . . y. The techniques of canonical correlation and canonical 
trend-surface analysis provides an appropriate statistical model in this 

9 situation.
The method in which maps are presented may influence test results. 

Map comparison studies have utilized flash cards of map pairs, map pairs 
projected from slides, loose-leaf map pairs and map sets, and a triadic 
(A, B, C) flash card design. Review of the literature indicates that 
map patterns are often superimposed under the assumption that this tech­
nique aids detection of correspondence. Maps to be compared are often 
presented in a number of positions; that is, side by side, or one above 
the other, on a single or on separate pages. The scale and orientation 
of maps presented for comparison are in many cases inconsistent within 
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a single article. These situations undoubtedly influence in various 
degrees the ability to compare the maps. The various procedures could 
be easily replicated in experimental designs. Sequential presentation 
of maps to be compared might yield interesting results in terms of "pat­
tern memory" or recall of pattern characteristics. Mental pattern gen­
eralization or smoothing would seem to be involved. Along somewhat dif­
ferent lines but still related to the notion of "pattern memory" is the 
interesting research with "mental maps."^ This approach may provide 

valuable insight toward further understanding of pattern memory.

(D) Increment
2The increment (Ar ) between maps to be compared obviously has a 

great influence on subjects' response. It would be of interest to test 
2 in greater detail the relationship between A r , map graphic, and map 

complexity. It seems likely that these three variables have a balancing 
effect on each other.

(E) Data

Present data were artificially generated and contained several 
statistical attributes that "upset" subject response trends. In parti- 
ular, several empty cells and several randomly misplaced high value 
cells were involved. These perturbations provide insight into the per­
ceptual weighing mechanism, thus indicating a technique in which this 
type of research could be pursued. Small, controlled tamperings with 
the data might evoke the desired perceptual results yet not signifi­
cantly alter the overall statistical attributes of the data. On the 
other hand, these "upsets" are undesirable when looking for overall 
effects. It would be an equally simple task to "clean up" the data, 
since the several alterations would be small and not have a significant 
effect on statistical parameters of the data.

(F) Statistical Models

In the present and previous studies researchers have sought a statis­
tical model that approximates closely the response pattern in visual pat­
tern comparison. The coefficients of correlation r and^, and, in this

2 study, the coefficient of determination, r , have been utilized. Yet the 
range of statistical measures of association is nearly unlimited. Since 



77.

the actual choice of a model in large part determines the meaningfulness 
of results, the difficulty is to make the "most appropriate" choice from 
the multitude of available measures. important as they might be in 
the evaluation of the adequacy of models, mathematical simplicity and 
computational convenience are not substitutes for theoretical justifica­
tion.13 The main point is that there are many so-called objective (i.e., 
repeatable) measures for comparing maps, each based on certain assump­
tions and satisfying specific requirements. Any one of the numerical 
models might be compared with a visual estimate of the correlation of 
the same pair of patterns. The correspondence between the calculated 
and the estimated statistic would serve as a measure of perceptual accur­
acy. An interesting point is that almost all attempts to formulate 
quantitative measures of pattern comparison use visual judgments in 
evaluating whether a measure yields intuitively plausible results. In 
any case, the problem is to ascertain which ones are the most suitable 
in a given situation. Is one technique more applicable than the others, 
or is it even reasonable to liken the process carried on in the human 
mind to a series of arithmetic operations? From the outset one might 
speculate that a model based on the assumption of spatial dependence 
(i.e., cross-spectral correlation) would be more meaningful than one 
with a spatial independence assumption (e.g., simple cross-correlation). 
Since the coefficients r,, and r2 are all founded on the assumption 

of spatial independence, an important research area has been neglected. 
It is possible that optical computers could aid this inquiry with tre­
mendous savings in time and cost.13

In any case, because subject judgment does not conform to a parti­
cular statistical model should not be grounds for dismissing visual 
pattern comparison altogether, as some people have done using the 
McCarty-Salisbury results.16 On the contrary, such information should 

be used in the search for a more appropriate statistic. The goal is to 
discover an underlying scale, starting with as few pre-conceived notions 
as possible. From this point of view the analysis of proximities ap­
proach documented in multi-dimensional scaling literature might be use­
ful.17

Olson’s use of represents the sole attempt to work with apparent 
pattern, as opposed to the statistical attributes of original data. Re-
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search of this nature should be continued and expanded. Olson is pre- 
18sently continuing work along these lines.

(G) Learning

On an a priori basis it is expected that training and experience 
exert a direct influence on subjects' ability to visually compare maps. 
The problem arises in trying to define training and experience in a rel­
evant manner. This author interprets these terms to mean: (a) know­
ledge of the statistical notion of correlation, (b) background in meth­
ods of cartographic processing of statistical information, and (c) fam­
iliarity with techniques applicable to the analysis of pattern associa­
tion between pairs of maps. Previous map comparison studies have util­
ized a much more general notion, "years of geographic experience," as 
an index. This author concludes that their results must be considered 
inconclusive for several reasons: (a) in light of most geographic 
training programs there is little theoretical basis for using "years of 
geographic experience" as an index of pattern recognition experience, 
and (b) it is extremely difficult to distinguish between training and 
task motivation, even if training could be operationally defined. The 
degree to which lack of either phenomenon is responsible for errors is 
unknown. Experiments incorporating levels of control far beyond those 
achieved to date will be required to obtain this information.

There appear to be two approaches toward research of the notion of 
"learning" in the context of map reading. First, groups of subjects 
representing varying backgrounds could be tested in an attempt to deter­
mine which sort of training is most valuable. All of the problems out­
lined above must be considered. An alternative approach is to attempt 
to train a group of subjects in the task of map reading. The program 
could draw on the literature of cartography, perception psychology, 
learning theory, statistics, and other fields believed to be helpful. 
Observations from the present research might be of value. Progress 
could then be observed by repeated testing throughout the training 
period. Whatever the approach, if it can be established that knowledge 
of certain subjects or techniques substantially improves map interpre­
tation, great potential for cartographic training will have been exposed.
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(H) Image Processing

Cartographie display is a technique of making certain types of in­
formation visible. Since there are still no operational automatic pat- 

19 tern recognition systems capable of map interpretation, visualization 
is usually done for the benefit of human users, who are particularly 

20 well equipped to assimilate and appreciate spatial patterns. Yet the 
human image processing system is not infallible. For example, it was 
asserted that pattern characteristics had a significant influence on 
perceived correlations in the present research. Authors of previous map 
comparison studies came to a similar conclusion. In particular, inter­
action appears to have existed between different elements on the percep­
tual surface. Dot density, tone density, blank areas, and so on, were 
mentioned above as possible sources of weighting errors. If this is the 
case, the next step logically is to try to determine the characteristics 
of this interaction. It may be that the most intriguing part of the 
present research is not the quality of information retrieved from maps 
under different conditions, but rather how the map reader went about his 
search for the required information. Erlick and Mills ”... concluded 
that S’s estimates appear to correspond to a simple summation-of-discrep­
ancies . . . rather than a squared discrepancy model underlying statis­
tical correlation." This could be tested further. Sekuler and Abrams 
demonstrated that subjects adopt distinctive modes of pattern recognition 
as a function of pattern complexity. In particular, patterns tend to be 
processed as wholes when the complexity of the pattern permits, that is, 

22when it is simple enough. Comments from subjects in the present exper­
iment are suggestive as well. Research on pattern recognition and eye 
movement parameters may provide an interesting approach to study of 

22visual image processing, A large area of potentially fruitful research 
has been largely ignored by cartographers.
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VII. IN RETROSPECT
Two objectives were pursued in this dissertation. First, the role 

of maps in scientific argument was discussed, paying particular atten­
tion to the nature of models and graphics. It was concluded that in­
herent characteristics of the map, in combination with perceptual dis­
tortion on the part of the map reader, make "complete accuracy" an 
unlikely result of the cartographic process. This contention tends to 
support the quantifiers’ claim that reliance on cartographic analysis 
has been detrimental to the "scientification" of the disciplines in­
volved . Yet it was emphasized that there are a multitude of equally 
correct cartographic interpretations of a single data set; thus the 
inadequacy of one or several graphic techniques is not sufficient cause 
for general rejection of maps. The conclusion was that maps are val­
uable in inductive hypothesis formulation and model-refinement, but are 
not sufficient deductive, model-testing devices.

This being the case, it is suggested that a logical extension of 
the computer storage of spatial data, as opposed to map storage of such 
information, would seem to be machine analysis of distributional char­
acteristics and relations with precise results presented in textual 
notation. Maps would then be used for more schematic, less complicated, 
and more easily interpreted presentations. The schematized design 
format would orient the map toward producing a forceful impression. 
The map would serve in a hypothesis-generation capacity and would be 
used primarily to illustrate and convince the reader that quantitative 
conclusions enumerated in manuscript form were indeed credible. A 
significant reduction in map construction costs and an equally signi­
ficant increase in information flow would probably occur. The map 
generalization problem is directly related to this theme, for increasing 
the level of generalization may result in an equally significant in­
crease in map comparability. The main point is that special purpose 
maps must sacrifice application neutrality in order to gain optimal

82.



83.

application effectiveness. Researchers have been reluctant to adopt 

this concept.
Secondly, an attempt was made to evaluate experimentally several 

cartographic forms to determine whether information was in fact more 
accessible to human viewers in one than in another. This research was 
pursued with the motivation that understanding of visual map interpre 
tation will make it possible to assign quantitative values to the 
merits of the visual method, thereby confirming or dismissing intuitive 
and qualitative evaluations. More questions were raised than were 
answered. But it was observed that distribution complexity, type of 
graphic, and degree of association all interact to evoke diverse trends 
in subject response patterns. Although the questions asked are not 
identical, the present conclusions definitely refute the widely quoted 
McCarty-Salisbury results. Present findings seem to agree with the 
data obtained by Olson in spite of differences in methods and condi­
tions. In all cases, research was designed to be repeatable by anyone 
who cares to acquire the maps and do the testing. That is, results 
can be easily checked or referred to for comparative studies.

In conclusion, it is appropriate to ask whether the results of the 
present research could be used to increase significantly the transmission 
of information in visual pattern comparison situations. Would this in­
crease be sufficient to satisfy present and future data processing de­
mands? This consideration would not be complete without mention of the 
potentially powerful and promising developments in automated systems of 
pattern recognition and analysis utilizing electronic or optic scanners 
and computers. If the many conceptual and mechanical problems can be 
solved, then the speed, accuracy, and flexibility of an automated system 
of pattern analysis would appear to provide one answer to contemporary 
and future demands. However, automatic processing is not expected to 
replace human viewing. The day is not foreseeable when man will entirely 
yield map interpretation to the machine. But it is certain that together 
they would make a good team» with machines handling computational prob­
lems and humans performing evaluation processes. Automatic processing 
would be used for highly accurate information demands and human viewing 
for quick reference. Thus, regardless of developments in automation, we 
still must investigate the problem of pattern comparison from the human 

point of view.
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APPENDIX A

MAP COMPILATION PROCEDURE

Data — Since the Data Simulation Program could only generate 
six variable pairs (i.e., one independent and up to six dependent 
variables) in a single run, and since 21 such pairs were needed to 
make up the complete range of desired r values, data were generated 
in four complete runs. The four data sets were combined only after 
the author was satisfied that the statistical attributes of the four 
independent variables were sufficiently similar to justify such ac­
tion. At this point several reasons suggested that economy in var­
iables was desirable: (a) correlation values approaching 0 were not 
especially interesting in the context of the role of maps in scien­
tific research; (b) fewer displays per test set was thought to con­
tribute to a more effective testing procedure; and (c) fewer displays 
would result in a saving in the cost and labor of map compilation. 
For these reasons the number of variables was reduced from 21 to 17 
by eliminating the (t) .30 and (2) .10 r% values (map pairs).

Data were punched on computer cards, a listing of which can be 
found in Appendix B. One row of observations, consisting of an in­
dependent plus six dependent variables, was recorded on each card.

Map compilation — The same technique was used to create each 
distribution format. First, the elements of the number sequence 
1 . . . 256 were assigned to a 16 x 16 cell matrix in the manner 
shown in Tables 1, 2, and 3. The idea was to produce a progressive 
increase in values with distance from the center(s) where lowest 
values were plotted. Next, the values of the independent variables 
were rank ordered and assigned to the cells of the square grid ac­
cording to each pre-determined spatial format. For example, the rank 
$ 1 value was positioned in cell # l, the value with rank # 2 was 
placed in cell ÿ 2, and so on. The plotting procedure was executed 
by numbering the rank ordered cards sequentially from 1 to 256.
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TABLE 1

MAP FORMAT A

1

2

5

9

14

20

27

35

44

54

65

77

90

104

119

135

3 6 10 15 21 28 36 45

4 8 13 19 26 34 43 53

7 11 17 24 32 41 51 62

12 16 22 30 39 49 60 72

18 23 29 37 47 58 70 83

25 31 38 46 56 68 81 95

33 40 48 57 67 79 93 108

42 50 59 69 80 92 106 122

52 61 71 82 94 107 121 137

63 73 84 96 109 123 138 152

75 86 98 111 125 140 154 167

88 100 113 127 142 156 169 181

102 115 129 144 158 171 183 194

117 131 146 160 173 185 196 206

133 148 162 175 187 198 208 217

150 164 177 189 200 210 219 227

55 66 78 91 105 120 136

64 76 89 103 118 134 151

74 87 101 116 132 149 165

85 99 114 130 147 163 178

97 112 128 145 161 176 190

110 126 143 159 174 188 201

124 141 157 172 186 199 211

139 155 170 184 197 209 220

153 168 182 195 207 218 228

166 180 193 205 216 226 235

179 191 203 214 224 233 241

192 202 212 222 231 239 246

204 213 221 229 237 244 250

215 223 230 236 242 248 253

225 232 238 243 247 251 255

234 240 245 249 252 254 256
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TABLE 2

MAP FORMAT B

253 251 245 231 207 194 187 152

247 226 218 201 176 144 129 125

240 216 172 164 133 117 109 101

233 192 160 97 89 81 73 65

223 183 140 95 61 57 45 37

212 168 123 87 55 33 27 21

205 139 115 79 51 29 13 11

158 131 107 67 39 17 5 1

155 127 103 71 43 23 9 3

195 147 111 75 48 31 16 8

197 167 120 84 60 36 20 26

206 186 151 91 64 54 50 42

227 191 175 100 94 86 78 70

241 213 181 171 143 122 114 106

250 220 217 198 163 150 136 130

254 244 232 224 200 188 179 157

156 193 199 208 230 234 248 255

137 149 170 178 180 214 222 242

105 113 121 135 162 174 219 236

69 77 85 93 99 166 203 228

41 49 53 63 92 142 190 211

19 25 35 58 83 119 185 210

7 15 30 47 76 112 146 209

4 6 24 44 72 104 128 154

2 10 18 40 68 108 132 159

12 14 32 52 80 116 138 196

22 28 34 56 88 124 169 202

38 46 59 62 96 148 184 237

66 74 82 90 98 173 215 239

102 110 118 141 165 182 225 246

126 134 145 161 177 221 238 252

153 189 204 229 235 243 249 256
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TABLE 3

MAP FORMAT C

170

154

109

131

92

112

125

143

167

175

201

216

234

214

251

255

144 128 103 89 102 123 149

111 84 59 43 73 78 116

96 51 37 19 35 55 75

69 27 11 3 15 31 65

49 23 7 1 9 25 47

63 33 17 5 13 29 71

94 57 41 21 39 53 97

104 80 67 45 61 83 110

159 115 119 88 124 135 134

174 148 142 163 158 146 126

186 182 181 188 196 161 129

207 194 190 200 199 172 101

222 225 206 210 205 178 118

228 223 221 224 211 180 151

249 244 227 215 218 193 165

253 247 238 235 231 214 168

166 189 209 237 240 248 254 256

164 185 208 230 233 245 250 252

141 176 202 226 229 232 243 246

132 173 197 212 217 220 239 242

99 183 195 198 203 213 219 236

147 187 192 177 171 179 191 204

136 157 162 153 117 140 160 184

133 145 120 90 100 106 139 152

121 108 68 48 62 77 113 150

85 54 32 22 40 58 72 127

66 28 14 6 18 36 64 107

46 26 10 2 8 24 44 91

70 42 16 4 12 30 76 122

95 56 38 20 34 52 82 137

105 81 74 50 60 79 86 156

155 114 93 87 98 130 138 169
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Using each spatial format, the author then began with the first 
column in the first row and proceeded to the last column in the 
first row, picking up the approximately ranked cards. This pro­
cedure was repeated for rows two through sixteen.

In light of the relationship between the independent and de­
pendent variables, it should be clear that once the independent 
variable is plotted, the formats of the dependent variables are 
specified. Data matrices were constructed next by arranging seven 
square grids (16 x 16) labeled variable 1 through variable 7 on a 
table, and then, starting with the first card (column 1, row one), 
recording the 7 variable values in the appropriate cells on their 
respective grids. This was repeated with cards 2 through 256, at 
which time the cells of the seven matrices were filled. The pro­
cedure was repeated with each of the four data sets.

At this point the data were numerically mapped in matrix fashion. 
For identification purposes the 4 data sets were numbered as follows: 
set 1 (Format, +.80, +.60, +.40, +.20, 0); set 2 (+.90, +.70, +.50); 
set 3 (—.90, —.70, —.50); and set 4 (—1.00, —.80, -.60, —.40, —.20). 
The + numbers in ( ) indicates the r^ values included from each set. 
The ± signs are valid only as indicators of the sign of the original 
r values. Random numbers from 0 to 9 were assigned to each set of 
r% values according to the following scheme: +.90 (r^) = 6 (random 
f), +.80 = 1, +.70 = 9, +.60 = 3, +.50 = 8, +.40 = 0, +.20 = 9, 0 = 
6, -.20 = 6, -.40 = 4, -.50 = 2, -.60 = 5, -.70 = 1, -.80 = 3, -.90 
= 8, and -1.00 = 0. The linear, quadratic and cubic distributions 
were labeled A, B, and C, respectively. The proper alpha-numeric 
code of the form Al2 was placed at the top of each display. In this 
example (A13), the code specifies, from left to right, the distribu­
tion type (A), the data set (1), and the random number (3) assigned 
to a particular r2 value. This identification device was useful in 
tabulating test results in a latter phase of research. To insure 
that the code would not influence subject judgments it was covered 
with removable black Prestape.

Three graphic techniques were employed in construction of stimuli 
displays (maps): dots, choropleths, and profiles.
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Dot maps — The most commonly used point symbol is the dot. 
Distribution maps utilizing dots of uniform size, each having a 
specific value, are simple and useful. Their wide popularity is 
attributed to: (1) ease of construction; (2) the confidence felt 
in the method, due primarily to the simple, obvious underlying 
construction principle; (3) their ability to show distributional 
variation well; (4) the visually impressive and informative result; 
and (5) the ease of comparison with other distributional maps, par­
ticularly those of the isotherm group.2 It should be noted, however, 
that the last three attributes mentioned above, namely (3). (4), and 
(5) have yet to be substantiated through rigorous testing.

The success of dot maps is dependent upon several variables: 
(1) the value represented by each dot, (2) the size of the dots, (3) 
the size and shape of the statistical units, (4) the placing of the 
dots, and (5) the statistical nature of the distribution. Most stan­
dard cartography texts^ and a number of journal articles^ have dealt 

with these problems. Suffice it to say tnat, in spite of conflicting 
statements in the literature, it is generally accepted as desirable 
to maximize variation of the ratio of 'black dots to white back­
ground . This involves manipulating the interdependent variables (1), 
(2), (3) and (5), mentioned above. In practice, where compilation 
effort is a principal concern, the "theoretically optimum" display 
is seldom attained. In the present study the large number (51) of 
maps required and the limited time available for compilation set 
practical constraints on statistical unit size, dot size and value/ 
dot. An 8 cm x 8 cm square array of 256 cells was used (Tables 1, 
2, and 3). The absolute value of each cell was divided by an empir­
ically derived constant (3) to determine the number of dots to be 
placed in each cell. Using a #3 Leroy pen, dots were visually placed 
as uniformly (but not regularly) as possible within each cell. This 
procedure was perfectly reasonable since the data were artificially 
generated and located only as to cell.

Completed displays were photographically reduced by 1/2 (= 1/4 
area) and reproduced by offset lithography (Appendix C).
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Choropleth maps — Quantitative areal maps are widely used.
This map class has been divided into those that indicate quantities 
by lines of equal value (isograms) and those that depict average 

. A
values per unit area (chorograms). A subset of the chorogram group, 
known as choropleth maps, was chosen to represent quantitative areal 
maps in this experiment. In this technique areal symbols (shadings) 
are applied to existing statistical units to make up density cate­
gories . A review of the several variables which contribute to the 
effectiveness of choropleth maps should clarify the choice. These 
include: (1) the geometric nature of the statistical units, (2) the
statistical nature of the distribution, (3) the number and scaling 
of density categories, and (4) the tone density of category shadings. 
Although extensively dealt with in the literature,$ solutions to the 

problems surrounding these variables are by no means definitive. Yet 
the present study should be evaluated with the above-mentioned vari­
ables in mind. The uniform shapes and sizes of the statistical units 
(i.e., grid cells) tend not to yield natural, as opposed to artificial, 
patterns on density maps and thus produce quite effective choropleth 
maps. The smoothness of the format displays (i.e., the small range of 
local variation) contributes to a minimum degree of overall general­
ization of the distribution in map form. In addition, as maps become 
less correlated with their format, the pattern depicted becomes pro­
gressively fragmented. Choropleth mapping preserves this character 
well. Five density categories were chosen on the basis of desired 
map detail and in light of knowledge of asserted map reader capabi­
lities. $ Category boundary scaling was derived by summing the values 

of the 256 grid cells for each map and dividing the total by five. 
Beginning with the lowest value, the rank-ordered cell values were 
then progressively resummed until the boundary values were reached. 
This procedure was only approximate since the calculated interval 
boundary invariably fell between the accumulated total and the 
accumulated total X, , . , where X, _ represent cell values. In 
practice, this meant that the proper interval value was exceeded by 
some portion of the last considered cell value, or, in the case of 
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multiple equal-valued cells, by some portion of the summed value of 
these cells. In no instance was this discrepancy considered signifi­
cant, however. Once the individual map density intervals were estab­
lished, a range of tone densities was chosen on the basis of research 
on the grey-scale. Information suggests that approximately equal ap­
parent density value shading increments are best suited for effective 
map reading.? But the five class system and available materials com­

plicated selection of equal density intervals, especially since the 
writer chose, for intuitive reasons, to avoid both black and white 
categories. In compromise, Zip-a—Tone Coordinated Dot Screens with 
percentage area inked of 10 (32 1/2 line ordering system), 20 (27 1/2 
line ordering system), 40 (27 1/2 line ordering system), 60 (27 1/2 
line ordering system), and 80 (27 1/2 line ordering system), seemed 
to provide an acceptable approximation to suggested screen patterns.

In spite of the fact that category boundaries are generally ac­
centuated by inking on choropleth maps, the author decided against 
the practice. The belief was that boundaries would tend to fragment 
apparent gradient visualization, particularly as map patterns became 
more random.

Completed maps (16 cm x 16 cm) were photographically reduced by 
1/2 and copies produced by offset lithography (Appendix C).

Profile maps — Development and use of 3-D cartographic models 
(displays) have long excited researchers who work with maps.® In 

addition to becoming a source of considerable realism and interest, 
the illusion of depth also has important applications in the visuali­
zation of scientific data.^ The perspective case of planar projection 

appears most effectual and is a common method of representing a func­
tion of the form z = f(x,y)Such 3-D depictions are especially 
valuable in cases where precise planimetric measurements are not re­
quired. In this instance the distortion in original map planimetry 
is acceptable in order to gain better qualitative areal description.

The mathematical function z = f(x,y) completely describes a 
statistical surface. In perspective drawing the idea is to make a 
selection of points that will conveniently and effectively represent 
the infinity of points on the surface (representing the function).
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A 2--D rectangular array is most convenient for this purpose. The row 
and column values yield two families of orthogonal generating curves 
(profiles) which generally depict the function in a well defined and 
aesthetically pleasing perspective view. The profiles tend to portray 
the "look" or "feel" of the surface to an extent unattained with many 
other cartographic techniques.

An efficient method of plotting an oblique projection, of a 3-D 
surface was available in the form of a computer plotting program. 
The method consists of: (a) computing points of the surface along 
equally spaced parallel cuts (rows and/or columns), each displaced 
to establish the desired projection; and (b) drawing oblique profiles 
(consisting of straight line segments between adjacent points of each 
successive cut) along the rows using the University of Michigan Plot­
ting System Library (CALCOMP PLOTTER). Although angular perspective 
projection provides a more realistic (less distorted) depiction of a 
surface and is therefore more pleasing to the eye than oblique per­
spective, the latter projection is the simplest representation and

12 possesses the desirable feature of having the near face undistorted.
Data for the present study were appropriately organized in a 16 

x 16 square array. Row values of this matrix were used to construct 
oblique horizontal profiles. Hidden portions of profiles were deleted 
to aid interpretation. Knowledge from previous study of aesthetically 
pleasing plots was utilized in setting the vertical exaggeration and 
perspective angle.

The CALCOMP plots were photographically reduced by 1/5 and copies 
made through offset lithography (Appendix C).



LIST OF REFERENCES

1. r. J. Monkhouse and H. R. Wilkinson, Maps and Diagrams (London. 
Methuen & Company Limited, 1963), pp. 21-23; Arthur H. Rob­
inson, Elements of Cartography (2nd ed.; New York: John 
Wiley and Sons, 1960), pp. 156-162; Birch, Maps : Topograph­
ical and Statistical, pp. 150-161; Erwin Raisz, Principles 
of Cartography (New York: McGraw-Hill Book Company, 1962), 
pp. 196-198; G. C. Dickinson, Statistical Mapping and the 
Presentation of Statistics (London: Edward Arnold Publishers 
Limited, 1963), pp. 45-50.

2. Mackay, "Dotting the Dot Map," pp. 3-10; H. St. J. L. Winterbotham, 
"Dots and Distributions," Geography, 19 (1934), pp. 211-213, 
W. G. V. Balchin and W. V. Lewis, "The Construction of Dis­
tribution Maps," Geography, 30 (1945).

3. Monkhouse and Wilkinson, Maps and Diagrams, pp. 31-38; Robinson, 
Elements of Cartography, pp. 171-194; Birch, Maps :__ Topo­
graphical and Statistical, pp. 162—187; Dickinson, Statistical 
Mapping, pp. 50-59.

4. John K. Wright, "The Terminology of Certain Map Symbols," The 
Geographical Review, 34 (1944). , '

5. J. Ross Mackay, "An Analysis of Isopleth and Choropleth Intervals," 
Economic Geography, 31 (1955), pp. 71-81; G. M. Schultz, An 
Experiment in Selecting Scale Values for Statistical Distri­
bution Maps," Surveying and Mapping, 21 (1961), pp. 224-230; 
George F. Jenks and Duane S. Knos, "The Use of Shading Pat­
terns in Graded Series," Annals of the Association of American 
Geographers, 51 (1961), pp. 316-341; Robert L. Williams,,, Map 
Symbols: Equal-Appearing Intervals for Printed Screens," 
Annals of the Association of American Geographers, 48 (1958), 
pp. 132-139; __ , Statistical Symbols for Maps: Their
Design and Relative Values (New Haven: Yale University Map 
Laboratory, 1956).

6. McCarty and Salisbury, Visual Comparison of Isopleth Maps.

7. Williams, "Map Symbols"; __________ , Statistical Symbols for Maps;
Jenks and Knos, "The Use of Shading Patterns in Graded Series.

8. Jenks and Brown, "Three-Dimensional Map Construction."

94.



95.

9. A. M. Noll, "Stereographic Projections by Digital Computer," 
Computers and Automation (1965), pp. 32-34.

10. B. Kubert, J. Szabo, and S. Giulieri, "The Perspective Repre­
sentation of Functions of Two Variables, Journal of the 
Association for Computing Machinery, 15, 2 (1968), pp. 193­
204.

11. Waldo R. Tobler, "Fortran IV Block Diagram Program," Department 
of Geography, University of Michigan (Ann Arbor).

12. R. L. Mitchell, A Computerized 3-0 Plotting Program, Air Force 
Report No. SSD-TR-67-146 (1967), 19 p.



APPENDIX B

DATA LISTING

Variables

1

Map 
Sets

7

Note: Variable 1 of each set is the independent 
variable for that set.
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K 41.330 36.404 19.293 53.3,7 4.475 5 7,694 5 4.434
A A 4 1 . w 69 26.513 39,464 48.872 38.902 47.105 64.609
F 42.063 50.045 25.200 57.032 58.2,14 14.877 36,828
A 42.476 55.454 37.795 40,659 36.541 39.770 41.477
C 4?,545 4M.674 47.374 68.484 31.738 56.423 54.596
7 42.72 7 56. 34 5 38.977 44.703 27.696 44.219 73.401
X 43.066 42.757 25.174 76.783 67.030 77.711 43.55]
k 43.143 37.579 28.145 40.448 43.903 42.711 61.102
M 43.522 37.962 36.708 45.605 66.336 70.762 46.579
M 43.71 « 3 A B M 4- 47.496 26.711 29.359 61.90] 78.760
F 43.755 42.425 48.307 16.074 50.766 54.756 74.115
7 43.770 45.44] 31.818 43.087 50.188 51.214 60.973 — ■
FF 43.532 43.461 43.935 54.545 64.901 80.195 42.362
F 44.259 4 5. HO A 50.165 57.758 29.802 49.27] 52.537

■ 4 5 . o 5 A 34.23n 60.979 32.264 1 7.2 1 6 47.342 65.869
F 4 5.6 5 5 45.713 50.742 41.304 63.223 47.962 5].558

1 G 45.172 41.019 37.389 52.754 36.099 31.0]2 55.504
’ P 45.593 4O.]]2 70.292 65.890 9.541 58.627 49.910
1 il 45,910 43.A62 56.587 47.542 50.561 51.030 72.357
’ CG 45.996 44.777 48.945 .62.2A5 40.695 51.126 80.406
1 DD 46.192 4 5.7 A 2 41.358 29.392 22.314 13.916 65.575
1___ __ Y _ 4 6 ,_4 4 9 55.916 40.989 32.563 77,46? -52^038. 38,490 ______ _________
1 cr,
।

46.A3] 39.573 47.850 52.356 40.337 37.117 56.282
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3

V 6 7 . 1 P H 31 . u9 1 44,297 70.270 95.]14 42. OR], 60.124
H 4 7.1 q R 43.113 4 ? . 4 9 4 3 3.62] 3 « . 2 3 « 62.520 46.29?
n 4 7.2 M Q 44.3MQ 49.431 24.«44 49.RM4 6H.265 46.003
X 47.729 42.303 47.162 R 3 „ 0 5 4 69.135 91 .923 6 6.6 H 5
r c 4R.1nR 3 4 . O 9 4 93.561 4 1 , O 7 2 54.395 65,243 99,501 .. . . _ _____ ____
F F & » . R 4 P 4 4.4 « 5 27.779 44.04 4 6 1 . 1 O 5 4 ] . 0 M 4 4 9.02 6
T 4R. 'H 7 41 . M 4 7 54.220 32.777 54.991 20.776 42.3«7
V F H t AAH 4 4.0 94 4 2.999 5 9.2 9n M 4.3 0 1 51 .«4 ] 61.756
X 4 H . 7 R R 34.9 4 H 24.702 63,1 OO 59.265 .7 6.918, 62.203______ ________ _____________
G FF.OOR 45.204 6 9.744 44.314 60.672 40.M13 57.969
P 4 g, ? ? n 43.540 29.244 54.555 41.512 61^470 ^, 266 ......................... _
( 1 4 Q, Rh? 4 7.3 90 57.990 3 2.0] 7 67.H90 ?5.362 4 7.4 O 9

40,A2A 31.299 41 . / / 1 13.534 69.322 29.460 67.963
P 4 9 . R 79 4 F . 5 Q 9 35.725 57.12? 3 9. 1 69 63.« « 2 63.394
n 4 0.01 R 44.709 55.114 5 M , 4 6 M 5 4 . M 9 3 61,021. 58.6/3 . _
y F C . 1 4 P 57.247 27.63M 4 4.9 7 7 F F , h h R 4 'F . 1 « Q 69.599

h0,25h 40, , 2 73 67.562 61.429 3 H, 2 6 0 2 '3. 7 .4 9 9 L, 232 . . . . _
X R o . o P 7 5 « . 4 7 7 4].730 3 7 . ? MO 3 O . M / 9 39.9]7 23.726
T 91.140 31 . 4 ] 3 5 o , P 4 u 5 9. « 61 53.490 7 0.92M 79.163
ï 91.174 37.771 53.770 53.570 4 3.3 0 M 56.962 69.970

1 ï 91.190 40.037 43.495 44.731 7 0.6 4 A 54.342 39.593
V 91.214 53.147 Ao a , F 4 n A ; 1 , H Q 35.214 71.374 45.012
H 91.971 5 R. 0 2 0 47.799 57.752 4- 4.4? 66.041 39.563
11 91.704 43.105 60.340 51.352 5 3.6 1 4 39.779 1 H . O H 6

91.794 55.159 4 1 . H 4 5 65.342 64.195 23.562 63.521
F 92.OP7 43.177 30.9]4 53.026 96.792 , QMS 70.760
A 9 2 . R 1 O 39. H 34 47.4MP 94.5]9 54.492 74.34 3 4 h * S S S
DU 52.ROR 4P.923 46.079 67.766 5 9.4 « 3 46.105 66.M69

52.329 53.119 44.«33 9M.HO 97.253 6 5 . 7 « 6 40.«76
7 52.494 44.559 9 3 . M R 4 5 « . 3 5 1 41 .17 1 53.754 30.147
Y 92.795 4 ] . H 4 7 43.191 56.159 40.433 5 A. 199 2 « . 7 1 3
I 1 92.593 5 1 . 0 2 P 72.410 52.394 59.796 44.257 56.041
F 5 R. 0 7 5 5 P . 9 M 4 3 1 .7M 4 40.467 90.7H2 41.072 57.570
T 9 R . 2 7 F 70.490 30.404 2 ?. 397 29.096 4 R . 6 9 « ?5.26«
P F 54.ino 40.327 44.612 4].539 9 2 . ] M M 46.752 52.766
D 54.550 54.237 40.479 4 9.4 4 M ] 4 B 0 W 4 49.977 62.149
\/ h ^4 A 1 S 51.244 45.497 70.052 40.«95 63.33? RM.907
C h S t ' c) 53.422 37.6 4 M 42.799 46.421 39.595 36.535
H 95.394 5]_,5 44 59.033 61 . «20 66,642 6 4,6 «J.. 14^056

95.40] 4 1 .54? 39.633 56.661 64.075 41.572 37.3M2
R 99.719 43.920 95.3 «M 69.903 41.370 54.914 44.50?
X 55.774 4 M . 9 2 9 4l.453 46.321 99.34] 6 M . 9 9 O 27.972
F 55.75] 5 4.4 M 5 R 5.4 ] 9 53.561 94.169 54.130 2 1 . « M 4

54.040 4 4 . ] O 5 61 .375 43.496 y 9 64.051 46.447
P 54.]25 54. 2 MP 54.300 49.620 94.4]] 60.151 35.053
G 54.104 59.542 49.959 61 . 05 ? 5 3.040 74.921 31.«69
T 5n.274 49.005 F O B F ^4- 60.265 43.191 26.296 59.470
P 54.300 4 1.074 59.442 37.17? 97.364 37.526 4 1 .42 ]
H 54.440 44.457 92.937 46.231 24.M6M 37.9A6 2 S « R s ?
P 54.570 44.975 60.021 5 1.3O 5 44.393 6 I .655 75.332
l-l 54.«M3 5 4. 7 5 3 40.499 42.620 33.970 65,456 49.114

12 R 57.039 52.077 46.702 26.067 49.699 7 « . l M 2 56.617
11 F 57.003 4 R . « 7 0 50.632 29.«77 96.4Ml Rl .MM 2 4M.554
10 P 5 7. 2 M 4 9 7 . ] l 7 71.432 7P.595 «6.776 63 . RHO 4 M . 9 4 M
9 7 57.443 42.17] 39.634 4 1 . O 2 M 40.531 R 6.5 6 6 20.341
8 D 5 7 , 7 R « 50.435 2 H.219 44.019 49.752 25.476 ?9.2?9
7 T 5 P . n ] g 96.774 43.674 3A.329 50.039 79.A50 A 1.5 1 3
6 W R 53.314 5 « . 5 1. 4 49.697 52.023 76.131 97,11.0 4«.24A
5 M 5F, F iF 43.353 40.4 on 23.576 53.69M 77.643 3A.634
4 Y 9M.744 45.314 70.477 4P.2O7 36.473 4 2 . M5 1 36.2A4
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nu, H Q . 1 l 1 55.271 63.074 60.021 47.991 42.826 32.090
.1 5a.962 5 1 . 060 5l.652 65.070 18.487 76.369 54.173
A 59.250 56.661 59.556 52.117 35.882 66,058 52.771
M 59.212 61.960 70.522 5 5.39 9 26 . 8 2 68.278 4 7.738
r r 5 9 . R 9 5 55.769 55.594 7^. 3 U? 5 4 , O 2 M 36,162 A 5,54/ _________
.1 59.706 65.699 60.270 4 P,02] 24.746 53.376 58.298
T 5 9. RO 5 55.521 44.155 47.628 3 5.n3? 42.996 h h , ^4?

T 5 ô . R 5 2 66.9]9 66.126 40.109 69.658 64.201 10.386
P 5 9.9 g ? 4 O . 9 5 5 59.340 65.122 55.415 24.035 60.833
1 59.965 55.305 45.6un 65,409 A % H S 16.945 6 5 . 2 2 O
n 60. | 9 P 70.650 4 P .732 62.99" 36.736 38.875 44.366
P F 6 0' .2 65 77.521 66,425 41.841 n 2 . a 6 3 5 7 . P 9 n 18.321
P 60.325 76.690 6 1 .219 63.651 4 4.331 6 2 . O 7 1 58.128
i ) 60.47 P 51.597 7 P . 4 7 7 55.010 2 9,78 O 7 7 . 16 6 5 6.050
H 6 O , 9 & n 55.692 40 . P 59 56.983 75.241 67.5 h 7 58.228
Y 6 0.9 1 A 63.370 69.454 64.457 K e 60.538 53.834
r; 61.116 69.119 55.282 4 O, 89 7 64.027 33.500 81.947
( 1 61.2lO 62.269 4 4.51 y 4 5.366 39.316 52.267 24.232
(M 6 1 . 3 5 9 61.363 4 6.2 7 P 83.669 55.565 32.997 30.6)9
Fl- 6l.926 73.516 6 1 . u 7 u 61.520 52.352 7 6.5 » 7 44.262
A 62.202 67.729 44.661 52.76/ 8 O .411 39.220 77.063
P 62.-92 1 62.070 59.47] 52.936 5 3 . A 2 P 73.887 76.412
nn 62.511 5 6 . 1 9 O 40.992 69.612 46,152 76. 17 6 5 1. . 245
FF 62.M53 60.724 42.956 61.789 68.545 63.887 60.690

1 1 63.175 36.979 52.235 69.500 49.162 63.760 42.372
H 63.57,2 51.296 A2.<93 49.999 51.996 52.248 33.787
nn e 4. 6) P 6 1 • 46.0]6 59.648 58.202 59.800 34.374
F 63.766 65.779 26.463 59.158 62.484 56.423 28,914
p • 7L) 4- 61.354 52.995 42.148 67.990 29.541 34.88 8
F 63.962 63.231 56.615 62.911 33.2O8 57.471 50,656
FF 66.006 66,410 40.696 62.279 41.262 39.398 73.341
n 66.270 65.524 45.394 2 6.86 9 68.697 45.997 47.021
FF 66.636 64.553 50.712 40.495 68.983 44.445 55.065
r 66,635 7 9.9 6 6 63.431 71 .5 86 1 8.1 1 4 A ? e M h 17.547
11 65.133 5 5.6 24 55.932 76.780 61.784 16.639 18.577
FF 65.535 71.327 65.402 69.708 48.872 6 8.036 71.320
X 65.929 62.674 55.190 90.861 36.612 67.598 18.136
RP. 66.163 69.966 56.335 56.519 63.859 57.589 26.046

______ FF 66.556 6 1 . 5 O u 69.977 55,69] 7 H, 8 36 50,191 10.7 23_______ _______ _
1 66.670 67.092 77.n50 71.629 49,655 60.656 fo B H A
L? 66.936 52.939 49.469 55.457 57.007 52.640 21.873
F 67.539 63.124 64.569 66.020 56.705 72.665 16.716
FF 67.663 63.523 47.549 75.103 68.311 57.332 30.095
M P e A 6 5 3.6 M 8 32.356 64.723 69,01? 53.140 27.758
I 63.575 66.999 A 1 , 6 54^225 45^950 54.6 52. 68^043 _
J 65.663 69.499 64.6]6 67.245 79.276 66.381 4 1 .486
Y 70.317 62.972 53.966 58.804 46.957 68,009 64.094
I 70.722 76.467 56.769 80.993 59 . «O 1 42,068 64.225

1 70.913 7 3.215 74.6 P. 9 51.069 53.659 45.595 44.620
P 71.245 61.674 66.423 73.913 43.366 62.374 6 1.342
nn 7 1.7H 62.522 57.863 83.861 71.628 64.884 63.980

12 M 71.770 63.652 67.260 79.170 44,404 64.417 40.901
11 T 71 . P. 0 5 5 7 . O 5 P 70.6O] 70.731 3 5.94 7 68.724 52.059
10 0 72.310 46.557 45.232 79.367 60.57? 55.824 51.971
9 F 72.659 63.030 50.795 68.927 58.057 56.694 41.517
8 1 72.672 71 . 60 5 42.978 56.982 50.677 53.188 13.573
7 I l 72.659 72.10? 49.459 70.853 80.202 45.553 49.086
6 A A 73.111 77.237 S ,74-% 62.891 59.973 59.319 24.760
5 F F 7 3.5 9 P 69.177 77.416 42.199 63.390 74.133 73.971
4 F 73.519 65.526 75.473 63.782 69.186 41.995 44.569
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TUT

A P 74,&]6 6 1.14 5 52.639 H S « 4 3 6i ] , Q 6- g 53.158 61 .589
no 74.7 ^ 72.395 69.146 54.081 FF . ) A 3 67.366 49.043
CT 7 F . 0 H F 65.755 A9.3?9 47.900 40.906 48.540 45.057
Ç, 7S.AA4 A 9.51 2 65.?29 F 0 . ? 7 8 7 7,5 1 A 55.090 62.834
r /•■, 4 0 2 31? A O ,0 9u 56.68 F 45.1.4 8 17.370. 63.620
n 7 7.4 Y A 76.51n 6 2.10 1 68.004 3 4.74 A 36.245 31.165
A A 7P.704 67.615 h , M A h 57.654 31.29A 52.056 44.922
nn 70.140 7 , . F / 5 42.180 50.920 45.523 42.219 45.809
n 7 O.FAO 9 O . O H 5 65.732 62.069 53.625 ' / . 'H 7 65.134_
.1 F 2.F no 75.915 3O.059 A3.054]o1.0]A 61.534 52.060
D « 3.04 Q 96.277 87.278 73.47F A).862 4.262 58.752
[-1 « 4 , n 7 « A 4 . l 9 n 96.208 64.324 67.283 42.738 60.964
A A «4,475 / h . 0 P A , A H 8 7.575 68.962 38.58 7 23.933
w C A . R n I 93.515 74.421 51.745 A 8 . F O 8 A O . 5 2 O 25.883
p O 4 ,75 F 54.6001 09.671 77.765 69.9OA 71.047 41.239
A A 1 O ? . A 1 9 1 n ? . 4 A 7 84,314 76.874 87.284 75,219 33.270
T 7,510 4.357 2 0.9 F O 1n.nrn 3.075 24.334 2 4 w K h 6i

1 P. 7?7 5.566 1 F . 1 5 2 -4.7 f. 7 23.829 24.644 32.418
r A. 92 5 5 . 7 o 5 1 7 . " 9 7 22.134 26.156 19.239 -6.731
0 F 1 1 . 1 A A 16 . A20 10.325 14.764 21.589 14.955 1« .896

1 1 4 . 1 « 1 17.554 30.419 11.61 9 29.476 3,163 15,232
R 17.444 15.956 ]8.395 48.282 12.688 31.829 15.139
f 1 1 « . 1 n a 1 9. q p n 17.184 25.904 28.456 37,45? 14.832
F i p. 2m 10.099 25.9O9 32.3]4 33.715 13.053 14.346
l-l m . 7 5 2 1 F . 4 7 7 18.944 30.112 28.671 45.423 41.383
11 l 9 . F A l 2 2.(15, 44.223 15.692 26.417 19.956 21.870
11 1 9 . H 1 4 21.695 23.354 38.109 44.978 5.754 36.715 .
r c 1 9. H A5 35.325 20.678 34.805 19.606 37.372 64.871
i 21.552 25.437 24.580 41.543 32.094 23.483 49.393
FF 22,549 21.154 24.029 3 5.71 A 34.672 1.062 27.206
A 22.757 33.525 31.099 47.691 37.492 35.201 34.436
nn 24.-4PA 17.307 28.021 34.651 26.158 19.038 39.327
y 25.2 AO 30.13F 22.014 24.012 35.66] 12.720 18.075
F 25.255 30.523 76.47? 16.798 33.696 38.163 18.843
H U 2 5, P A 5 29.429 14.953 20.048 32.702 57.48? 12.10 1
c. 2 F, p P5 24.551 18.571 37.145 24.238 29.O^5 43.884
M 2F. A4.? 15.121 24.126 2 8.6 O 5 20.145 28.47! F 1 .07 a
r c 2 A . 5 4 Q 2F,774 19.449 27.34] 3F.36 O 26.678 31.263
H 2 A. A24 35.212 17. 77 3 30.499 10.791 31.366 54.642
T 24.779 33.676 44.372 53.551 44.134 36.233 3 1 .02»
R 2 4. 94 3 31.792 3 8.83 3 31.199 33.068 46.733 4].962
\-l 27.044 35.352 30.184 4 l . 4 1 F 47.407 42.709 24.684
n 27.791 30.non 27.475 40.280 20.608 83.116 40.680
A A 2F.OH] 17.751 43.824 36.039 26.709 25.388 41.382
Y 25.116 24.350 24.704 30.561, 33.255 l o . 8 4 7 18.613
F 25.159 34.257 27.914 31 .091 19.051 36.538 34.839

___ ___  . . f" 2F. 7 AA 2A.692 32.437 39.806 17.311 56.196 3 1.3 LA
J 29.471 21.52] 24.A 7 5 4O.]36 33.046 4 F.454 21.828
\/ 29.557 21.852 34,863 25.409 21.328 42.299 34.168
.1 30.454 32.053 24.347 18.298 49.657 52.R27 37.718
nn 3 0. AF 5 31.054 37.037 2T, 251 50.452 4 1^8 4 35.392
ce 31 .299 29.519 32.450 49.697 40.511 20.081 38.148
i 31.335 30.120 34.76? 4O.791 44.692 34,297 4 ( ,684

1 11 31.474 3 1 .717 24.593 39.624 41.110 34.756 42.726
,i 31.575 27.4]A 21.337 35.195 44.555 19.675 57.084 —

1 D 32.275 2 9 . P 7 n 19.403 19.026 55.107 27.664 56.63]
K 32.495 20.126 28.049 58.702 29.72? 21.765 21.153
ce 32.476 27.604 46.055 34.483 34.297 2 1 .430 31.811
n 32.654 34.730 22.544 33.647 56.144 37.122 54.496

1
F 32.721 4 5.51 A 39.557 22.412 •a g B ? 1 61.907 61.943



R R X2.XOX 45.094 3 1 .361 19.767 40.642
P ^.i m 3 » MM6 34.005 21.991 20.R63 3O.2R3 4 3.2 0 0
FF R X . 6 1 9 X h . h O h 2 R.499 37.904 30.476 24.GR2 37.20Q
M x 4.7 ? n RO .94 9 47.471 3 R . 5 R 3 47.264 R4,461 4R.763

____ Z ..J1Æ.7Q F_ 27. X41 4?,042 .39 .619 . 36.605. .22» H 43- 41.7 .. ... . . .
R xs.2?n X 7 . R A 4 43.320 44.26] • S ^4 2R.715 5 5.R 0 7

XH.216 X4.049 2X.394 49.656 65.224 41.322 69.193
i m R x . 9 g x 2P.lRl 24.530 4 7.4 7 R R 7.6 4 / 3?,ROR 23.506
P x 6. n s n XA.X07 34.241 3n.OH2 31,676 2R.296 4 R , R R 2
R X A . 5 S 7 X R.90 7 3 X.50 9 2 9 . R 7 7 A , 9 Zl 46.616 37.714
F H x A . A 1 1 Xh.XXX 40.194 33.091 36.672 4 7.3 7 R 63.350

X7.1nx 4o.l4X 33.009 6 . "'4 7 R 1 .97 9 4 0.19R 66.124
X 7 . /» X 7 41.Hhn 32.504 33.453 27.769 65.646 1 9.4 9 R

T X 7 . H 0 R 34.291 2Q.992 40.OOO 36.56? 44.902 2 3.5 R R
-1 R 7.7 g 1 X 9 . P 2 O 43.133 34.735 FO, h 53.579 ? ? . 5 3 1
a X R . 1 1 A XI.APR 4P. 44 P 40,42? 4 1 .405 60.163 3 A . 4 ] 9
T R R . A 2 A 3A.RO9 4 9.0 R 9 45.541 4 S , s Q z< 41.729 22.172
A A xP . gpo X X . X 7 1 4 1 . 2 1 H 39.232 30.603 21.723 43.976

x g. A h ] 40.2 P 9 3 4.2 RR 30.OO9 3 5.7 94 2 0.96 7 43.999
C x g . F x A 29.790 34.477 55.575 29.517 6 1 .717 5] .07 A
c XQ.RQ2 44.0X9 4R.75A 3 9.4 R 5 0.37 5 49.573 71.666

40.XXP 42.247 A . ( 1H ) R 7.2] 4 4 O.495 5 4.0 l 9 37.663
X 4 n . X ? 4 39.947 4 R.970 o 4 . O 4 ] 40.472 44.995 / 1 • O O F
F 40.4 Q7 4 R,0R9 44.276 32.673 62.303 O , O F M 59.319
P 4 O , 7 P M 40.9X2 511.00 7 41.RO] 3 R . O 5 4 64.746 36.771
11 4 o . 7 X X 34.994 46.419 4 R . 6 6 7 4 4.77 7 42.260 4 x . 2 o 3
A 40.97] X P . 4 9 4 40.576 37.777 1 X , X 6 O 23.264 4 A . 4 9 2
H 41.1X2 43.297 34.034 3 9 . R 6 O 34.076 26.392 41.323
P 4 ] , 2 H X 39.494 5 7.3 1 7 31.R77 26.263 6O.731 42.6R]
.1 41 .44] 49.9X2 39.721 43.249 49.396 3R.077 47.325
h 41.440 45.723 4 ] . 94 O 29. 44.273 42.521 6 2.3 R ]
A A
F

41.504
4 1 . A R R

34.4]2
47.955

45.192
62.672

44,352

40.]R7
37.235
6A.9 AA

34.R /O
4 H.02 7

45.53 R
3 9 . R R 5

Q 41.673 27.623 53.965 4 3.4 R 1 X R . 1 3 A 49.76] 41.022
.__ _ _ _ 4 l A l R 40.637 46.262 3 3.0 9 R 6- & , 7 F A 3 4,7(13 70.16/

R 3 4].R33 4 , Zt M 53.116 54.403 6 R . 19 ] 4 2 ,490 57.76]
y 42.190 46.]72 43,942 42.400 34.134 61.275 59.323
11 ^2.211 4 O.479 46.127 3 5.5 4 o 45.9Al 44,326 33.049

... .......... ____ 11 4 R , 4 ] R 4 6 . ] 1 O 3 9 . P 9 H 33.643 31.926 6 6.7 64 24.239
i 4 R . 4 l 9 4 ? , F F 35.122 37.93R 40.A3 5 3 7.2 2 3 6 O . X 2 2
! 1 43.434 36,359 4R.211 53.50] 5 7.A44 R 6.364 5 7 . 1 R 9
F 43.549 40,553 4 3.4 R 5 4 9.1 A 7 A2.243 F F # ] P F 52.16]
o 43.AR7 44,236 54.466 40.902 2 H.934 67.939 61.990
V 43.7R6 3O.O25 43.523 5 A . O 2 4 3 A . 6 3 A 5R.953 43.197
7 43. R] 3 46.570 57.RR 9 29.979 4 R. OR 2 46.360 4R.236
r । 43.H36 39,476 3 4.61 7, 43.273 36.411 36.116 6 7.5 3 R
V 44.219 42.635 49.153 50.1 A] R 7 . 7 A H 7.44 5 49.16]
R 44.512 53.926 45.o]9 4 4.9 0 9 43.257 56.341 44.316
H 4 4 , R 7 5 30.972 49.103 45.370 65.5]A 64.269 4 0.9 R 1
FF 44.9 A6 41.199 51.372 A o . 5 2 O 26.416 49.474 44.325
RH 44.974 34.5 R 2 42.]23 Al.443 ? R.753 52.492 51.643

12 FF 4 5.4 5 A 43.62R 43.363 43.043 46.206 F F , F / F 3 3.66 ].
11 A 45.520 39.497 43.A4 R 54.R]4 35.55] RR.145 3 R . 6 7 O
10 A 4 5 . A 2 1 33.719 5 4.A 0 5 R . 6 A 1 56.620 45.612 34.972
9 O 45.R72 52.32R 50.3 50 A4.177 31.744 R R . R 6 3 22.463
8 K 45.375 36.2R4 5 X . 5 X A 44.457 5 2 . R04 49.60O 37.46 6
7 O 4A..0 61 .40^351. . 5 ] 6 59.9^0.A2^R22 6Æ_._R 9 7____________ _____ _. ___
6 M 46.273 4 2.430 4 1 . 2A7 54.935 49.277 70.4R4 36.141
5 ______FF 4 6 . R « 1 4]^979 5 X . 9 3 4 37.992 5 0.6 R 7 44,367 34^07
4
3

C 46.720 4 R . ] 2 4 AA.713 A 6.3 3 0

—W2---
X 1 .R9 2 59.603 4 7 .no3



H A 7 . 1 R 1 4 ] . 4 P O 52.529 29.526 51.849 49.56]
1- 47.209 53.154 39.513 45.979 54.044 13.013 2 3 . R O 5
M 47.AAq 51.015 44.42R z, 3.90O 5 5.7 90 29.270 50.208
Y 47.911 3 7.944 5 1 .''44 53.07/^ z^ 2.4 R 2 7 4 . p 7 2 4 0.0 R 0
A 4 P , n 6 /. 42,772 4Z) , 24 4 47.263 47.714 67.659 .3.0, RHO .
0 4 R . 1 2 9 5 9.44 4 "S , ASh 42.200 77.617 4 4 „ ] z, 9 57.024
K 4 R. 2 24 51 . 1 54 4 1 . 1 1 R 4 4.6 9 z^ 49.744 64,099 Ai A A A-,
S 4 P . 2 4 4 H e A, M 1 5 9.5 2 P. 6 9.2 R 5 49.21] 66.190 a y . a 3 /
n 4P.473 29.209 40.621 4 B 131 2 P- . 2 9 2 4 0,9// 5 l. 09 1
T 4 P , 9 R 1 4 2 . p 3 3 44.31 R 59.92" 62.R92 z* 6.2 6 1 4 4 . 7 7 R
I 49.242 4/.294 4 P . 9 2 5 50.]27 49.154 4 / . 4 4 1 1 Zx u - « 8 4 L .
A c J , 6a 4 R . 4 3 2 Ai , A y 54.520 5 9.04 4 U A w A l 2 . 4 R 2
.1 49,447 RR.945 5 0,2 4 R 44. 9 0 0 4 9. OP 2 7 . Q 6. A 22.972
11 49 . 7 4 4 59.759 51,940 Ai 61 , H Q H 2 . Z» 1 /. 18.319 6].01u
hi Æ Q . U U K 43.270 5 1 .211 55. '22? 40. O 9 42.154 44.790
A A 4 9 . » p 4 4 R . 1 94 45.010 41 .24 R 39.749 3 R . R 1 9 5 R . 0 R R.
V z. 9,9 ? n 57.794 Z. 4.01 O z, 7 . z, 11 9 4P. 2 4Z. 2 4. 2 9 O 44.28Z+
1 49.21 « 5 0.75R 49.711 52.102 Z<- Zi . 4 / 5 42.270 34.205
H 50.440 4 9.7 P 2 5 0.2 H 2 54.429 4 9.41.2 42.440 42.447
V 40.552 A, e 6 6 4 40.9]2 5 O . p 4 4 42.150 51.249 54.516
U 5O.729 Zf 4.932 51.624 40.4 ] 9 51.235 25.469 47.130
( 1 40.770 49.491 44.432 5 2.2 O 6 49.14] 44.]OR A e 3 A A
1- 51.295 51 .13 3 42.112 5z, . 9 74 Zf P . 7 2 4 54.959 51.552
O 51.274 49.171 41.225 44.930 65.977 7 O . 6 9 P 64.772
R 51.422 54.999 2 7.5 4 5 40.R44 49.612 61.749 26.705
7 51.229 49.292 4 ] . 1 4 R 49.663 41.09] 67.799 27.958
R 5 l . 4 Z» 4 44.1 RP 41 . R 7 z. 55.095 55.064 6 7.R 27 4P .3 17 ’
N 51.254 4R.491 4 2 . 2 R z. 2 9.6 l 9 5 9.717 67.975 6 ] .09 3
(A 1 > 5 1.42 P 4 9.2 1 9 5 7 . O 3 p 70.644 52.971 78.924 59.039
k! 41.425 50.223 5 9.99 0 46.950 z. 7.9] 2 52.906 3 7,504
M 4 l . 4 7 55.317 3 P . P l 4 64 , O 9 7 41.049 29,669 61.613
A A 52,292 5 4.0 2 5 44.49O 4 P . 1 9 O A4,y 70 44.473 62.588
n 52,425 47.495 A? t H y Aa 42.757 5 2 . 3 7 zt z. 6 . 2 2 8 3 7.6 6 R
K- 5 2 . z. 2 4 52.017 4 5.000. 55.042 49.909 51.043 5 2 . R 4 5
Q 52.512 57.592 54.242 54.O 7 R 60.429 34,337 22.340
Y 52.424 50.599 z* 7.094 54.]40 7 .451 5 / .496 47.643
( 1 5 2,5 A 4 55.52R 52.52] 4- A , y A- Q A 1 , A A) 21.907 5 6.9 / Z,
ï 92.«72 57.027 40.599 55.6 7z. 53.243 5 6.7 7 z. A 9,4 A A
lui 5 2 . O 7 9 .5^.7^2 49.432 49.277 34.724 35,262 6 3^ 326
7 52.224 54.940 53.794 52.752 4,4 4 3 50.055 47.677

1 52.420 47.2 R9 49.359 3 A , 3 4Î.72R 61.142 2 2.4 R 5
52.444 52.292 4 9.702 4 R . 2 6 2 'A Q e ‘-'hA 4 1 . 3 1 2 5 6.032

0 52.H47 51.235 55.125 &- P , A 11 A 6 l . 2 9 2 46.290 64.406
V 52.972 55.940 49.599 5 z> . 700 61 .999 6 1 .074 55.1 no
11 54,245 50.472 70.4Q3 59.2 H R 40.292 63.574 5 O , 2 5 O
R R 54.324 55.794 52.5 R4 45.447 49.227 46.872 30.056
U 54. z* 7 0 52.097 52.44 R 5/, . 243 54.462 75.243 4Z. . 1 49
s 5 4 . z, 7 O 50.225 5 4.4 R 2 53.044 5 zt .465 A ] , A A A 53.531
H 94.515 51.297 5 9.4 4 39.169 3 7 . 2 O l 33.492 79.142
M 54.474 5 4 .R 5 9 4 R.95] 52.522 50.452 39.747 76.521
P 54. MO 2 54.94 R 40.20] 41.566 68.452 40.562 64.213

12 ç 55.104 52.547 57.202 5 1 .655 5 5.44P 6 4,0 z» 5 53.769
11 r. 55.22? 5 O . P 71 4 5.7 ° 0 50.7 6 P 30.257 47.288 50.3G/,
10 p 55.292 52.R79 42.994 71 .440 39.430 74.7R2 40.7 O6

9 K 55.400 57.017 5 O . 9 ] 9 34.072 55.644 47.066 44.201
a 1 5 5.4 7 P 52.26A 44.494 60.311 57.419 45.029 67.911
7 5 5, 72 7 4P,549 /7 ,41/ 59.219 44^313 31.1-4 59,851________________ . __
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H FA. 1 A 1 R 1 . A ] A P A e "l 6» P A4.RA9 7 4.97 P 23.932 31.337
FF F A , /k A R 4 H.AA9 73.721 b A . 4 1 2 A4 .77 2 32.A29 33.274
w S A . A R M R 2. R 34 9 9,4; n h Ab.314 R H . 2 l F 37.713 b P . 3 A 3
H RA.n]A A 7.A94 R 2.4 2 4 7 2.2 2 H R A , b 9 l 49 . b P 1 F g . A l b
H R R 7 . ? R h R 3 . 2 4 A h H .? A 7 R 3 . 2 4 Q A4,Fl7 4 F . 4 A A A A j A /
F F S 7 . 7 1 H R 2.4 4 P R 3.3 A A R A . 1 7 1 4 H , 7 3 1 ^4 6,2 49.341

F7.774 R 9. A4 R e J 6 7 F g, P49 7 3. 1 FA 4 1 . 1 A 9 b 2 . g n 9
C h 7 * a OU R R . A 4 p R4.171 R R . R 7 R 4 9.9 0 h 32.370 44.774
Y RM,274 RR,923 A3,99 7 4 Q , A R 4 o , 7 A A RR. 92R- 7 2, OA 3______  . . ...
M h R . P A A A n . i 2 n R 1 .4 97 7A.39 ; 3 H . b 9 A 4 4 , R H 4 A b . 4 0 F

__ F RA.AA» FR.AOA Al . Q 3 9 4Q, AO b 29,552 43.029 2 9 . H A 1
c RA.A7Q RQ.3R4 R A . 7 7 2 R 3 , p 4 l A 2 . 1 9 1 37.3QA A3. 730
FF RR. -7A R Q . A 7 3 R R . Q 7 9 R2.Hbh 7 7.0 H ; 1 4 b . 1 0 3 RH. 1 b 7
r r R H . ' ? R A n . 2 R A 4 P .911 7 2,4 A 1 AO . 3 Q ( 1 4 1 . 3 1 9 A 4.2 o h

__  AA RL) e F' 1 g R7.R21 A 2.31 n b 3 . 2 A 4 49.340 F l . 3 R 4 70.929
7 R A . R 7 1 7 1 .2 7 A A?.9A7 R H . 3 7 9 h 5 . H 7 3 A 5,0 4 9 A b.0 4p
U AO. 1 A? A 3 . A R 7 43.2^7 h o, ROC A 1 , 7 3 A R 7. 3 24 30.472
r AA . 9 '7 F 9.9^4 R 7 . 2 7 h 7 o . R 3 7 6i , M h Ai A H -i A • A }
ni. AP./AA R A . 7 A F A n , I ' / g A 2.4 C| H 3 p . F 1 h b 4 . 1 H 3 RH.24H
X AP .?RQ R9.32 7 4 7 . R A 3 S 7 , R s p 40.029 A A * 0 -, U AO.073
f ) A r i # -s11 p AA,FRF b 7 . Q ? 2 4 ,^69 b A . 2 A 3 3 7^2/2 33 . R 29
r: O , V 4 R 1 . A R 9 h h . R 2 R 3 7.AO 7 3 A . 4 3 3 31.4 B A R 1 .990
i; 6i 0 # /i A R . A A 7 A2.1 34 & S , 2 6, P 4 9 . P 2 O 42, 1 7 2 40.333
r A n . R Q A 6 A o U Q R 9 . l A A A 2.9 9 7 A O . 7 A 7 A 2 ,p04 42.327
FF 6 1 , A /\ L) RA.AQA sa,pbn A A . 2 7 A b F , F 4 A b O . 9 9 A 33.323
P A 1 .IRQ A9.22A 77,4A9 R 9.1 A 1 42.012 R 3 . R A 3 F F , 7 b b
\f A 1 . 4 R 2 RH.323 Al . A A 9 6^.4 7 61 A 2 . O 7 A F 3 , b 7 F A 7.2A1
n Al .31 R F A.FAQ 72.FA4 A 3 . 1 9 1 A 1 .R97 7l.934 7 A .430
T A 1 . A A A AR.9R3 A7.390 R 3.4 1 2 A 0, 1 2 4 44.733 F F . O 9 Q
P A 1 .Ail A 4 . n R F A 2 . h 9 1 R2.249 F 3.3 R l R b .343 A 3.3 1 Q
P A 1 . A 1 Q A4.3Rn A 7 . P 9 Q R 1 . H 2 Q 37.H79 bO.R A O 31.471
: 1 A? . 1 1 7 A R . A A 4 AA.221 7 o . H F R 7 A , Q 7 4 74.9 b O R 3 . A 2 O
r A R . R Q R R4.1 PI A 4.1 3 4 66,4^? A3.347 ,M4 n 2b.229
N H A A 2 . F n A b A. 70 3 4 A . 739 7 4.4 1 H FR.443 A A , 6 6 7
H A R . H A R R 7 . n F 2 AA.3 A2 49,2^0 n 2 . 1 U 6i A ] . A 6 A bA.007
n A 4 . R R n A » . 4 P 3 7 2 . A 1 '> A 1 . A 1 3 4 3.4 b 2 b 9.2 A 7 A ! .073

A *P , A O A R . F 7 A R".]33 RR.902 A4.737 7 4 . A 1 H A 1 . 3 Q A
y A4.7 Al R R , R 4 9 1 4 A 2.399 FA.439 A 3.7-. b p 30.A 02

... _. . H ^4 j A R , 3 R R A4 t0 b A AL, 1^7 A , WR 9 73.027 R2.RL4 ... . .... .. _ .
i\i AA.n 3 0 A 4.7 A n R 7 . A R A AR.4 92 R 4 . | F A 33.23 R A b . 7 O b
.1 A R . 2 R A AH.4 P Q F 3.9 4 3 A A . 4 A P R 9.O A4 AO. R 1 n R 4 , H U A
[J AR.27H 79.92F 72,P41 7 2 . A Q 2 A 2 . A 3 9 b 3.3 R R A A ,939
F R h p AA. 1 RR A A , 7 P Q A9.124 P A . 3 7 l b 2. WHO 6) e 2 6 6
F A R.790 A A . 3 9 R S, 4.144 A 4 . Q O 4 A 3 . Q R 1 77.2 RA RR.3A1
F P AA. 2 R R 71 . 1 R4 A2.3 AA 70.QAO A b . 3 0 A AA.141 7 A . 3 b 2
A A AA.272 A R . 7 9 A RQ,H9R A 0.2 1 h A3.932 72.433 73.390
n A A . 2 2 4 R R. 74 R 7 o . Q A 1 7 A . O H 9 6i e g A 2 47.34] 93.137
r A A . 3 7 R 7 A . 1 ] h R7.71n R P . 4 9 9 HO.324 34.341 44.204

AA. 7 « 3 A 1 . A 2 A 7 0.3 Al 73.17O RA.HA2 3 w , O 2 A 33.792
(' /S , 7 O <4 A A . 0 1 A RR.279 A b . A 4 l F R . 9 7 9 7 1 . A A 0 A A . 4 « 2
F A 6> , R M A9.H7H R Q , 3 9 b 47.H24 7 0 . P 2 A HA. ] 9 2 7 H . A 2 0

12 P A A . Q 7 1 7 9.2 F 9 A4.23 P A] .02 3 7 0.23 2 A9.27A A 9,4 F 9
H 1 A 7 . 2 R 9 A9.lF7 A7.Al 3 RA.23 < 7 A.9 04 A3.271 40.734
10 i A 7 . 3 1 9 F H . 7 7 4 AA.A43 R 4.4 A A 37.947 Al.993 33.300
9 <; A 7 . 3 R 9 A H . R P 7 7 A . R b 3 AA.524 b 4.3 40 24.972 34.128
8 y A 7 . R R 2 6i 4 . Q 6, P /S A e 7^9 A « . 2 O 4 A 2.4 1 A 7 4,7-1 H 37.341
7 CC A 7 . R 3 A 73.342 7 H . A l P Ab.29l 35.499 72.014 M e 6
6 \/ A 7.7 A R A 3.7 2 9 6 6, , 4 4. g 4 9 . A H P 72,430 Rb) . ] F4 A2.R3]
5 _H A7,93A A7.942 A9.973 72.432 A4.4b A AA.737
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1 6M.329 71.313 49.737 72.029 54.757 74.031 5H.H4 2
A A GV.?7h 33.493 39.401 32.073 49.952 40.OA4 75.425
I'll ^ll, 6 M 1 3 7.3 A4 43.1 HI 34.723 53. A3 1 5 3.3 7 0 43.472
A 7 n . 3 7 M 39.AA4 77.SAP 73.472 3 4 . r> 9 9 47.242 5 H . 2 4 7
r F 7 n,SAD 32,39,2 67.133, 54,199 55,435 , 70.2^5. 4A^A4A ..........

7^.737 70.993 33.332 33.433 A A B i ' < 'l Q 70.l74 / A „ A 0 0
A 7 r . g 4 1 32.239 V H 3.7 2 7 H H . 4 h 2 44.210 77.117
V 71.343 72.427 3 7.44 0 3 3 . P 9 2 3 3.9 0 ? 44.193 24.305
p 71.411 39.313 4 4 . /23 4 u . H 9 7 52.349 73.425 42.244
Ï 7 1 . ^72 39.949 . ' < / 34.422 A A « A A 8 5 7.c,]4 A f H6 h
Q 71.^43 33.111 7 A . H ( ) a 73.201 53.354 49.924 43.005
r 7 ?.A4v 74.203 7 3 . l 9 3 7 9.3 33 A A . 9 2 3 H h .H 45 44.247
7 72.HAh 34 .14 3 77.140 70 . A3 2 7 1.4 v ' ' A4.413 55.412
r- 7 2.PAS 7 P . 4 A 3 33.713 37.747 43.334 A 3.7 4 4 9 0.4 A 5
r; 7 3,43P 72.707 73.034 3 H . ] 3 9 3 0.4 H A 47.44 7 "2.912
I'D 74. Ph 7 9.401 33.211 33 . NA 7 44.141 75.020 57.529
1- 74.HP? 74.2Ah 73.244 3 1 .417 A 2.6. A A A3. 7 3-, 5 5.5 l o
Y 7 4. . D 3 7 7 1.3 ? 3 3 A . 7 3 9 8 u , A A 8. 8' A , A A 8 4 A . 7 4 4 7].595
r 7 h . 1 7 7 0.4 1 P 74.909 3P.GP4 94.972 4 -. 997 4H.254

i< 73.137 71.332 39.409 72.970 A ] . 2 H 3 7 2 . mi 9 72.379
r r 74. 7A 1 63.247 Jb^_313 30^323 93,333 4 5 . H A 3 7 9 , Z9 5
X 7 4 . H 7 6 73.323 73.723 9 3 . l 3 l 72.423 P 0.0 9 3 7 1 .407
G 7 7 . 7 7 3 .77.6 92 70 . I 9 A 3N.93O HO.373 43.542 54.749 _
M 77.9]1 3 9 . k H 2 7 3.1 2 A 77 . 74 3 » 1 . 1 4 1 74.317 54.559
DD PA, 4? A 77.722 7 ] . 7 o A 49.39 9 72.247 7r\ 545 77.145
T P 4 . A 4 A so.]97 73.923 92.792 43.7 7 A 49.0 3 A d 4 . 7 0
X A4. 430 H5.323 74.333 79.357 43.949 66,523 "1,733
7 A4.49] k P . 9 3 1 S 8,8 A 7 # fi ( ‘1 A *8 « 1 A A 71.3531 Oh.3"7
7 « 7.429 92.392 8 7 # 1 8 O A A. 7 8 2 42.424 45,231 74.703——.—. — ——— -— - — —* ■
I I A P . 3 ] 3 92,237 7 3.4 p 9 92.249 93.3401 04.3 2 A l 10.419
Y A P . 74 H 73,433 P 9 . P 3 9 79.907 35.441 79.773 Ah.750

_____- 9 A. 340 99.933 P3.3]2 97.432103.HP 7 A3.]45 A H , A A ?
1 , A . A A4 9 3 . A 9 9 ’•i , 4 4 H A3.7H9 29.997 RA.44] 59.914
i 1 9.023 9 0.313 9].373 30.33] 7 2 . 74 1 A H e 1 A- A 4 9.090
O 1 G .DAD 49.023 9 0. v 4 7 94.107 7 3.0 ] A 1 OO.732 73.23H
\l 1 3 . p A 1 Ph.1''3 23.133 99.572 77.354 54.027 45.37"
V 1 3 . 4 A 7 P-,. 1 7 0 72.200 DO.024 A 2 . 7 7 9 7 3 . H 9 4 79.944
u H 1P.400 7 <-).34h 39.320 7 9 . Q "I a 34.224 4p.SOg 43.224
1- 1^.327 7 A . A 3 3 H2.1]3 77.243 H 3 . 3 7 5 4 7 . 1 ) h 7 "2.372
P 14.709 74.4]H 77.337 34,502 8 „ A A / 44.2241104.51 A

' Im 20.333 HO.740 7 9.3 m 3 H H . 9 2 A 7 4.1 OH 4 2.0 01 9H.97R
f 1 21.P39 4 A . l 99 3 H . 3 7 1 8 h , 8 /l z. 72.974 h / - , ? 2 A 77.120
A 22.0]h 79.307 73.133 77.173 7 2.40/. 7 5.9 h 4 A A » A 9 9
G 24.437 73.234 73.793 31.309 72.074 7 3 . 2 4 A 54.779
P 24.334 71.142 72.199 44.033 45.073 50.292 77.443
D 23.273 7 2.4 A 1 A3.224 7, 9.1 A3 4 9.7 A H 47.311 45.353
1 23.393 74.333 79.201 4 0.73 A A 1 . h 4 O 44.310 41,322
r । 27.123 7 0.040 3 3 . P 4 9 79.759 43.904 43.224 75.232
.1 27.403 72.132 / 3 . A 4 P A 3.AO 9 3 H . 5 9 1 73.503 h 9.H09
J 27.330 70.293 A 8 eAOA 73.425 74.050 71.421 74.409

2A.2A3 71.933 7 3.9 AO 59,545 44,77k 42,153 J 5^ 0 2
12 7 23.433 7 3 . o p 3 3l.304 57.354 39.425 54.093 74.2R2
11 .1 2P.33H 73.O4P 7^.279 54.3]5 3 3 . h ] 3 43,704 72.R79
10 y 2 « . 7 7 3 70.3 30 71.397 70.399 73.492 A A . 4 7 9 43.422
9 T 3.937 3 A . 9 3 3 7 3 . 3 9 7 7 7. A55 AH* A "J A 49.547 52.992
a K 2 9 . A 3 3 72.317 34.334 71.504 4 A . 9 3 ] 75.212 42.033
7 1 1 29.137 70.AO2 73.71 4 72.P5O 72.705 4 H . H 1 7 54.94A
6 P 29.370 39.717 74.103 34.417 55.42" 43.275 72.192
5 A 30.433 73.133 P 9.4 4 3 72.145 73.473 4R.R24 44.932
4 1 30,AOI 37.370 39.353 3 7 . l 3 4 30.1 AA 73.45] 4 5,1 H R
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7 RO.R R? AP.207 70.765 4 4.9 R R 71.746 63.762 67.79 9
H- FC , H 4- C A4.2R3 A4.449 62.21 R A 1 .0 39 7 2.634 64.604 _
n R 1 .07 1 A 7 . 5 5 R 7 O . A O 7 76.054 6 6 . l 6 7 4 M . 01 n Rl.206
P R 1 . R 2 1 A) 4 , k) p 65.261 7 4.1 i 4 { 7 9.7 7 7 6l.996 A A . 7 1 Fi
M A 1 . R A O _7R. AR5 ara445 66. 70.7 . A Ç. 9 4 2 42. 7 26 39.392, .
.1 R 1 . O Q 1 A 9.1 P P A 1 . R l 5 H R.465 7o.077 6 3.41 O 4 4.3 9 6

R ? . 7 R C F e CFI 7 A . P A 3 AP.300 A 3 . z.. r n 7 1 . '■ 1 0 6 R . 2 4 4
F P R2.R3h A 5.3 7 A 49.lR7 6 2.3 O 4 AO.732 4 9 . R 9 1 6 9.4 7 9
P R ? . 7 7 64 . A <) / A4.ARA RO,209 6".712 4 9. R 4 4. O 7.12 1_______ ___
RW R R . 0 h O 70.341 A2.R55 F ] • F F F 4 6. / u 3 Fi R . A 9 7 39.47 0

1 RR.R h 5.9 A P A 9 . R A R 7 7 . R 2 3 AO.049 60.134 62.279
U R R . ? 7 ? A A . l R O A R . R 4 u CH e C H 69.33" A A . P 7 9 A 3.0 4 2
A V .< e Z4 M A 71.027 A4, P 40 .k ? e H1 IS 77.71 7 A A „ 9 0 R 44.746
K RA.R7R A P , P A 9 71.06/ 6 6.0 7 7 C ? , H h 1 A 1 . 3 > 1 77.4P/
H R & . - A A A F , F H C A 5.9 2 5 6 9,43'- ■. 6 n . 4 2 •-) 66.427 44.339
r. RA.HhO A 3 . A 7 ? 70.296 60.0R1 7 0 R . 9 l R R 1 . 2 37 71.706
P Rh.7RR AA.]] 0 72.412 60.792 A7.257 C C„ HCC 69.07M
1 RA.2A6 66.735 40.134 74.56 :2 62.34 A ^2.592 49.721
Y RA. 7 g R AO.PPM A 7.Roi /O. A A Zt 4 9.4R ' ' 66.94R AR.307
c RA.701 F 7 , CCF' A 1 .621 69.57" 69.439 4 ] . 4 0 2 7 3.639
k RA.FOR A 2.0 7 O 67.255 AO.25R CCo CO Z C C e HCC 62.774
l-l 3 A . g 4 2 5 9 . A P 2 64.610 69.473 59.4 3A 2 A ,704 77.255
P R 7.5 h H 61 . 4 1 R 5 3,4111 57.R23 77.36R 46.ORA 6 7.1A R
F R 7.754 Fi Fi e C 1 F A 1 .7 47 5 1 .2 7 P A4 . R 4 0 6 R . O 6 1 34.OOP
P 3 7 . 4 P h 63.142 6 6 . R 3 R A 6,7 fi 6 5 1 . PR 6 4 0.-963 40.522
V 3 A . 1 A A 62.796 6 4 . R 5 A 6 7.2 A R 6 R . 1 2 1 Ao , 764 6 2 • p 9 1
D R F . l 7 R A3. 1 ] 1 67.790 7 A.2 9 7 51.903 4P.191 6 5. 146
FJ 3 R . 1 A R CO,FCC 59.771 75.453 H u . H c 54.5 24 62.S7R
rr RP.?A3 57.555 5 4.6 O 6 53.592 46.797 5R. 24 R 63.116
F F 3M.54? 60.415 65.147 53.3 O A 66.654 A3.733 C F /C4
11 R P . 5 4 2 65.570 A l . l 9 3 63.714 51.9/6 44.613 53.911
F R o . a 5 A 5 P . A 3 R 53.465 52.527 57.R41 C C « C H C 60.642
P An.022 AA.344 53.43 A 7 R . 1 3 7 4 R . 9 R l 45^443 A 2.046
kl 40.230 59.959 64.904 70.336 Al .61 R 3A.291 C C . C C 2
1 ) 40.250 60.2R5 57.121 67.7RA 70.277 5R,45 5 56.26L _________
A 4 n.433 5 P. PR7 6 3.7 ? ? 63.3 1 R 37.n?7 A 1 .215 72.754
A A AO. 70 H 55.513 A4.1 5 R Al .95? 67.997 47.262 43.7AR
T 40,442 5A.Q29 5 4 . A 3 R 5 1 . A 9 9 C A , C C 4 9 . A R 4 9 2 .OR 5
AA 4 1 . R 0 A 5R.434 6 3 . A 5 4 67,201 5 0. R 3 1 51.796 6 6.6 O A
T 41.473 57. l F A 54.301 6 1.12 1 6 9 . a R 1 4] .4 20 6 4.04 2
n 41. 7 AA AO.425 55.422 A7.617 62.497 6 R . 4 3 7 56.922
V 4 2.044 56.R 7 5 55.761 5 R.RA P 63.429 A4.590 54.5lP
J 42.290 59.505 50.207 5R.609 61.025 71.242 3 O . 7 R 0
RP, 42.Roo 5 9.9 5 P 46.639 64.623 A 1 . A R 9 79.507 5 R . 3 2 1
CT 42.72 O 55.102 52.056 A2,l^ 54.765 4L. 94 2 53.OR 7
r; 43.372 55.924 57.lAl 53.796 64.6 7 u 5H.642 6 1 . R 7 4
c 43.575 60) .2 7" 59.474 57^397 .65. RO) 70,473 45.303

A3.5 PR 54.613 49.491 54.321 66.352 50.190 4M .46 0
F A4.353 53.444 6 7 . 7 P 2 42.999 6 « . 0 R A 49.471 5R.7l3
RR 44.451 55.264 A A.? 2 5 50.559 4A .2 7 A 41.306 53.666
FF 4 4 . A P 5 54.316 62.296 52.ORA 57.062 39.246 44.933

12 A A 44.72A 53.003 53.226 5 5,1 OP 53.777 6 7.94 7 4P .20 3
11 I- A4,PMA 56.452 43.310 45.303 4 A . O A R 5 0. 02 R 3 2.4 1. 7
10 s U F # C$4 55.A21 57.540 47.049 4 7.6 3 A 75.922 56.134
9 A 45. AO 7 55.602 4 P . 6 4 5 4 « . 1 5 3 5 9.9 R O 3 5.3 R 9 57.1 34
8 Y 4 5 . P R O 56.794 62.697 52.574 57.953 4P.426 54.730
7 RR 4 5^952_ 55.609 55.496 54.663 4 9.751 .53^1 45 O , 6 2 4
6 T 4A.2 QP 52.060 57.742 47.524 4 3.9 R 5 6 M . 3 9 o 3 1.2 R 3
5 ___________ n -4 6.2.79 __51. 5 4P 44,950 63.991 49.RR9 53.516 6 R. 2" A . ..........
4 F 4 A . 5 O 7 52.R42 67.470 52.051 4 4.069 61.157 40.572
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Loi I A P . 7 7 7 F7. HP P AP.P A4 52.7A4 A2.797 AP.SAl 4 1.9 2 A
O 11 4 P . 7 M F P . 7 P 4 F P . F 4 A 4 ». . % 0 ? H • f i 2 55.229 5 P.941

1 PP. 7 p 1 P 7 . P P P 4 9.7 7 A F 7.7 A A 5 2 . 7 5 n 7 l . F F 7 7 9 . z^ 1 4
p P . y 1 7 F 1 .API A s * P6 6 A / , 0 A\ H 57,14» P 7.9 7 A 7 9 „ / 0 4
A P. PPG 5 7, 7 5 A FP.l 74 "17 1A1 7 9 . F 1 A 7 A . u s S

r h- A P . u ? 'P F 1 .P'7 F r . A 7 2 4 7 . 7 7 % p 2.2 1 H 4 1.715 F 7 . H 1 P
\/ P7.G2P PP. A 7 R A» O e h A S4.2S7 4 H . 9 77 AH.72? F A . 7 A 7
V P 7 . p p P 7.4 AF F 2.4 4 A 4 S . 9 ] 7 A F . 7» 1 4 P .97 1 7 P . F 7 H
r \ P / . /7P 57.472 A 4 . » l 2 p 2 . F n 7 Z, Z^ . 7 F Z, 4 4* 5 A 2^ z. 4,9 2 1
h P 7 . o P F P 7 . P 4 A Zi. 6. * h 4 P 9 . F l P Zi Af 9 7 W 4H.741 PF.052

/. . n H n 57./72 pp . i nz. A 1 . 7 A 1 52,752 4 1.51)9 57.2P2
A P F .717 F 1 . P 7 7 F F . 7 7 4 F F . P F A z. u , 7 Zi r ' 7 1 .2 A 9 A 0.7 1 7
r U U F 7 . A 7 A 7 F . 7 P 1 A 9 . P A p F A . 7 1 F 51.451 z, » . 7 7 9
r r G ». P 7 P P p , p p 7 4 F . F 7 2 t A M A A 7.9 P 2 52.P2A 7 7 .A 79
y P » . K n 7 P P . 7 A F FF.FA2 P 2 . 2 l F 4 4, '< F / 4 z^ e 4 Zi 7 4 5. 1. 1 A

1 1 P » . P » 7 P 4 . S 2 S 4 1 ,7 7 P A4' . &Z, 9 A ? . » 7 F 4 A . u s 7 % 2.7 4 A
r Zi ' ' . 1 L' -4 P 4 .117 Al . 2 t 2 4 » . 2 1 ) 47,772 AS, R R A A2.792
Y pu. F 77 AA. /. /, 7 F « . A F 1 F 7 . PAG z, 7.12 7 2 < . 5 4 A F 1 . H 2 »
NI 1 6 0. A ? A 7 . A H p A. / . A h H 7 7 . H A 7 4 F . F l 7 A A . 9 7 H 42.219
7 P P . AGP A 7.2 Z. 7 F F . P 2 l 4 7 . A 7 7 ■-1 9 w /p Zt o 4 9.1 F 7 A4.579
7 P G. 77 P F 7 . A 2 F SI . 2 F 4 45.574 4 1 . A. ? n F S . 9 A A p o. ? n 9

P p . 7 1 1 44.274 A 1 . a A A 57.744 z h 7 . FA» 52.H4 7 F H . H 7 4
7 SG.n 1 1 FA . p -^4, 49.724 F 7 . 7 2 A A A . P F A 5 5.9 H 7 57.79!
h sr> . ] PP F 1 .FAI 4 2.2 h 1 F 7.91 » 2 F. . % 7 7 A 1 .PH 9 3 .433
H h PG. 7 U P A y e 2 ? A 4- A # M 3 4 7 . F 7 - 47.251 AP.192 PH .AH 9
7 PG.2k7 P 7.AP 2 l, H n A 7.4 117 79.777 F A . 7 A F A 7.AS 1
r: PA.h71 5A.272 F A . 1 4 ] P 7 . A 5 4 4 . A 9Zi 7 F . F S l A2.94]
H P A . P A P 4 A . 2 1 A F 7.7 7 2 4P.771 - P.97 A 4 P . S H 7 AF . 1 G,7
î PP. PA 7 F?.AP] F2.77% S] . 7 A 5 A 9 . A 2 ? SA.447 A 7 . 7 A F
A A FA . 7G P P 7.4 7 A 4 A . 1 7 / A F . l 7 P 4 7 . % A 9 47.559 77.274
Ç F P , A / q F P . P P 7 54.424 Z. 4.42 2 4 9,2 PS 57.R74 4".914
M F P . A 7 7 5 1 . 4 1 A 45.744 P 2 . F l F 59.470 Fl.117 3 4, ]4 H
A A SI,7A2 S 1 . 2A/+ 4A.7 F 2 s P . l 7 F 4 A . 9 9 7 47.775 55.772
P i- F 1 . 7 7 P P. A . 7 A A Zi A. 1 Zi H & 7 P,A4 P A H ,959 2 H . 7 1 A
l> F 1 . A u / n1.717 4 ? . 4 F 2 4 R , A F f ' 5 1 , 797 41,' f9 5 4.7 H 7 _____  ________________

1 h 1 , Z h /. 4 . F 7 2 7 F . 4 1 7 M' e 9 r. " A . 4 2 2 4 , H 2 A 44.971
.1 p 1 . 7 P » 4 F . 2 1 A 4A.44A A 7 . 1 A P 75.795 59. ? RA 5 A , 5 4 4
1 F 1 . 7 1 P 4P.72A 4 4 . l 2 l 59,151 A2.577 45,977 A 5 . 157
( 1 S 1 . A 7 P P P . F 7 A 4 l,P 74 7 A , I 7 A Za z, t Ai 1 17.A»1 F- p . A s 0
1 ! h ? , f ' 6 4 A.AAA 4 2 . F P F 41.MA7 57.114 AH.197 2F.526
1 S ? . A 7 7 PF.422 54.717 79,777 49.792 p 7, s v n 7 s . s l G
n S ? . (7A F 1 . 7 F A 6. h , F 9 . A P- 2 3 H 74.421 4 3,347

S ?. 7PF a u # 4A.AFS 45.177 74,779 51.792 2 (3 e 3 3 61
k S?.7AA P F . 7 F F A F , F G P 4 7.5 1 1 5 9 . % 1 F 47.229 A F .PHP
r f S ? . 7 1 1 42.429 5 1 . 2 F l 47.472 4 7 . A 9 7 54.Al A 7 S . l P 7
M 5 ? . 7 A 1 4 7.4 47 F?.A7P 5 7.(195 4 S . r 1 *J 3 57.199 4 9 , l 5 A
P1- F 7 . 7 P 7 4 4 , P P A F A , 4 f 1 F 7 4.797 4 7 . s 7 L 47.A 1 2 57.7F7

S 7.7 A 1 44.17F 4 L) e z*. 7 29.959 SA . 1 H A 7 7.77 9 A 1 .722
r P 7 . u A G 4 F . 7 P 7 4 2 . o 1 A 4 » . F. /. 1 79,555 59.447 22.792
p. 5?.HP] , 2 fp 4 A . 9 ] fl 42.979 4 P . h h O 4P.975 59.212
p S 7 . 1 A 7 44.227 7 H . w 7 9 47.741 4 1 . 7 5 A 59.577 47.671

12 X F 7 . P 4 7 4 P .4 2A 5 7 . A 7 A S 7 . A A 2 44.117 4 9 , H ] 7 4 9.5 5 H
11 A A 5 7. 72 A 4F . S 24 4 P . 7 A 9 4 7. F HP 5 P . 7 4 9 59.792 4 ( .459
10 G F 7 . F 7 A 4 2 , P- 4 H 4 7. % A F 47.9(1 1 4 A . P 9 A 47.444 57.297
9 A 5 P . 1 P f 49.279 4 5.24 7 7A.A4] 4 /S e 3 34 57. HH % 7 7.H79
a P HA e 1 AA 4 7 . F A 7 4 7.47 7 4 2,7 A 5 Zi Z». # O 4 4 71.SSA 7 7 . A 7 S
7 G SP. 1 P A 4F. A » A 49.471 44.915 S 7. 2 7 9 5 A . 2 l 4 4 9 . H 7 1
6 L) S 4 , A A 1 44.44F 4 A . 7 P 7 7 P . 4 l A 7 1 .H zp 47.571 47.561
5 F F PF. 1 7 A 47. 2 04 47.77A 5 A , A S F 29.915 U^v 3 A 3 4 3 e H 2 4
4
3

H<1 55.721 41.4]A 41 .54 P 52.942 5 P . 4 2 1 57.1 A A A 7.7 9 7
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11 bF . 7 7 O 42.2S7 4 S.90 5 57.744 4 2. POP Al.302 4 7 ..79]
T b h . 7 A 7 Z- Zt. r n A 4 A . R S ] 52.424 50,351 44.9 73 b b ,955
u b b . QS 1 4 R. RSA 4 S . 0 u p 52.550 Ru, p p1 S 2 , A P 7 4 2 ,.415
n b b . O 7 2 4 A . 1 1 7 4 A . 1 O Z, 4 P . 3 O A 29.299 59.077 4 R . ] 7 7
r C b S . 4R. 7zu] SU . 1 Z)4 41.105 Z( o , 2 9 1 4 2 . O P 7 45 ,. 5 OR
y bh 2 A H 42.72^ R 1 .74 1 5 2.3 2 A 5 A . 7 2 A s 4 , P 0 2 S 5 . Zb A 5.
M FA. S u S 4 A , R h R RO.2 An Zi / . 4 2 4 5 3 , u l p 2 P, . P z, 5 3 9 ,.?4A
H b A . 7 A A 4 R . l 7 7 3 7 . A Q A 3 , A h 7 34.170 4 A . 5 2 1 1 s . R Q 2
T b 7 . 0 'A A 42.so? Z, '1 . 2 7 U AA. 2 74 3 O . OPZ, 49,QO2 . 1 1 A

b7. R R Z, 42.SO4 41.219 40.232 Z. R .44 3 u 1 .51 ? z. 1 . 3 R 9
(' b 7 . Zj z. ] 44.lui 4 S . Z H F 37.534 /, O , R A R 4 ,9 * 5 A 9 .53 5
H b7. n 1 /, 1 . RO 2 S O , R R A S 1 . F7A 52.u75 A 3.515 4 3 .145
r z. u A 42.227 z» s , 2 o i 44.477 4,1 9 0 R 5 . AOA 3 2 . 2 R 3

b F . A R 7 41,414 c J e 5 R . 5 A 4 Zl U . U 7 P 4 2 . 1 A R u Za . Zl 7 R
un A R . s s n 41.7 » /► Z. 4 , R 1 Z. u 6 e 9 n a /' a 6. /n z» 2 , P Z. <, 2 n . F l S
k b R. SOA z. 2 . R 7 R 40, > 6P 2 3.1'1 2 Z, 4.9 2 5 27.5 3Z^ a 2 .410
ht AF . A 1 R 44.Z.RQ si . 0 Z R 3 2 . R Q A. 35.W24 3 1 . A 9 9 3 9 . 3 0 R

A 11 . 7 20 /. 4 . v 2 S R 5 . R 2 S R 3.5 1 H 4 9,95 Z. Zi -< e b LJ 3 4 5 . 5 7 7
Y AA. . ' 7. z, 4 1 .2 0/, 32.739 4 0.4 1 R 52.72F 35.529 S 7 . 0 5 ]
t- F AF . M7A A F . O 7 S 4 4.07 4 , ^-1 7 ' ‘ 5 R . 2 l P M f ' . 205
A A AF. n 7 r 4 Z „ 44 R AA.ASl H 6 6 U e 6 3 H 25.940 A 2 3 .
7 b °. RU Q 4 R . « A « 3 ? . Q R 9 4 2 . F 0 Z. 4 p , 3 n 9 S 9 . P p S 5 2 .254
LJ AP. 7 RO 4 2 , 2 7 A 41 .272 34.534 42.100 AU,130 1R

AO. ROM 4 O . ? R 1 4 3 . S A 4 ? P, 4 /L 55.041 2 A .05 1 3 0 .450
Q b A . R 2 U 41,7UR z, R . O 7 Zk 3 O .2 23 5 l . 5 l P 25.75 A 4 A . 745
C AO. 2 04 R v . 7 F » 44.327 & Q . Q f' Z. z. 1 , n 5 2 54.49 0 32 . 04 5
un AO, 2 q n 3 O . A « R s . 0 3 4 4 R.93 3 4 1 . 1 A 7 z, 4.94 2 3 A .4 25
X AO. 2 A2 41.RQS 3%.POR 50.411 32.571 4A.55l 4 5 .25 4
A AO. 2 67 4R.422 R R . 0 1 Z. 4 o . p n n 52.4R4 52.213 55 .925
H AO . R SR A°.Al 7 4 2 . R 9 1 33.413 4 H . O A P 45.59] A R .390
r AO. 4 ] U 4Z, .472 42.211 32.334 52.204 4 2,04 0 3 2 . 455
f)D AO . 7 U o 4 0.1 zi 1 44.O91 42. P 74 4 Zi , 5 P R 45.3/5 2 0 .GAO
P AO. R O A 4O.U 70 .z^ 5.14 4 3 9 .577 4 5 . l l O 3 3 .454
11 Al . o 1 2 A Q . O 7 O z. 1 .2 50 4 l , P l P RO.AIR A 3 . O 1 R 5 5 .950
U U Al . 1 z. 7 4 0. An 2 R 7 . R A o 35.AOP 3 p . 5 o 5 4 s. APS 29 .95 1
un Al . RAP 40,107 4 5 , Zi 4 4 47.725 4 P . 1 5 7 4 R . « 2 A 35 .49 4
F Al . z. z. n 4 2.0 Sr 35.470 35.707 45.425 4 1 .A 04 AO . 32A
Ç Al . s 1 2 41,A24 30.375 * h h b 39.2A3 50.222 2 4 .210

Al . 7 z» R R 7 , 2 R A 50,430 RR.074 54.3po A 2,AA 7 3 3 . 5O5
ht Al . R RR 4 O , R 4 R 42.73A 4 4 . 7 7 7 A3.571 R 5.5 A O SR .522
R H Al . SO ] RF. 2 O H R 4 . A4 3 54.1R7 R5.073 4 0 . 274
n Al . QQR R S , 4 F R 34.597 2 g Zi a g 3l.901 4 1 .35l 5 z. .599
F A 2 . n 4 o 3A.2?R 4P.773 43.175 4 3 . A A ? 4 1 . 4 3 A 34 . 7 0 2
T A? . n Q P R 7 , A O R 41,452 31.170 20,439 R 1 . 740 z^ 1 .939
n A^ 02R 34.047 32,745 43.POp R H . 9 O R 4 A , A 7 1 4 p ^3 1 5_
1 A? . 24 A 3 P . A 7 2 40,S75 35.414 3 7.4 A 1 39,449 2 0 s b b 1

b 2., SI 0 RA. A4 S 33.552 RA,575 35.359 32.919 3 R . 9 / 1
T A 2 , 6) 1 37,POA 37.721 3 2 . P 5 4 R 0 . I 4 P 45.522 RS .233
F F AO. 74 s 4 0.5 s 1 40.235 R P . O p l R 1 .702 49.515 3 5 . 252
H A 2 , ^66 4 0 , R 5 S 37.427 b 4 . 7 O ] 4A,/27 R R . 9 R l 2 3 .444
nu AA. 1 2 A R « . 7 A 1 Zl 9.90 A A 4.5 O 7 4 3 , P P 2 15.225 3 4 . b 1 2

12 F AA. 1 RO R 1 . A P A 39.10 O ?7.794 /, A ,470 4 2.749 . 4 9 H
n n AA. R42 RA.933 3z» . 1 RF 40.505 39.550 23.511 A 9 . 904
10 F AA. SR 2 AO.7SA 29.520 37.051 42.151 25.905 4. 5 . 035
9 V AA. S 5 R R « . /• A 1 R 3 , O A P 24.701 37.751 50,751 5 A . 3 7 4
8 P AA. « 1 A R A . 7 A S 3 2.3 P n 25.9A 3 2 9 . ] 4 5 2 Q , O 4 5 4 1 .191
7 Y AA. S7R 32.15] 2 7.R 34 R ». 5 41 2 2 . F l 9 ai, a 1 R P .791
6 1 1 A4. U A2 R 7 . o o ] 27.142 b- b * b V b 3 P , l 9 A 49,005 4 H .550
5 R P AS. n? 1 R b , 4 7 7 3 4. 1 P 7 30.A95 2 0. 7 « 7 31.999 Z^Zj . 355
4 P AS .. OH 1 35.242 32.413 4 4.7 A 5 51 . l S l 4 A .559 b H .054
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I II) 6S . 1 HO R R . h h 7 2 9 . 7 74 2 R.76 2 44.762 4 O. 6 OA 19.625
1 I e ^5 6) Rh.SRI R 4 . FA? R 1 . 1 1 R R 1 . R 9 6 R 5 . A ? 5 4 2.297
V SH.76H RO.61o 2O.ion 7 4 2 . 5 7 « 4 Q * H 4 A 2 R. 4 RI, R A . n l n
FR 6 H . Q 6 O RR.O«7 RP. HO 7 6 ? . o 4 H 4 7.6 6 O 4 5 . A 7 R 50 . | 1 z.
J F 6 , .7 F r' 4’,260 R 1... AH 4 2/.415 32.555 R A . R 9-9 Zn . H 53 . ....................
f. e -AP P RH.O 71 R4. 0 RC R ? . 1 " o 2 O . ) ! l R O . H 1 6 2 7 . R 5 7
w 66. 46k R1.7R 7 7 O 6 4 H . H 69 2 2.4 0 7 HA.9 76 6 R . A ? 1

/a e 6 Sf' R A . 6 2 1 R 9 . H 5 P 64.26? R R . H 7 O H R . 4 7 9 76 . -A 7
F 6 6 e h zt A R6.76 ? o 7 c RO.2Q6 6 1 . A RO 46. AH R 4 3 g 4 3 A
1 6 6.6 6 H R6.671 Ro. QU H R 9.7 R 1 RA.706 A i /i A 1 4 .0 07-
! 1 P P g P Al P RR.'ihR ?4. 0 7? 2 7 . A R 9 2 H . O 2 R R ? . 2 H R R4.R72
r P P g PP 2 R . 9 1 6 RA . ? R4 26.167 R 6 , A H R R 9 , u 6 Z.

6 7 . n p 7 R 6 . 1 R 6 45. 1 9 6 R ? .6 79 4n,006 2 A . A 9 6 4 6 . o 5 2
p 6 7.^6 R ? . 6 6 6 R A . R 7 ? R 2 . 6 4 R R 9,4 Q 6 6') .0/2 4 6.61 7
\/ S7.062 H A g A U O 4 0 . 1 1 R 2 / . 1 7 H 5 0. H 4 5 2 1 . O 69 46.4)6
Ç 6 w . 6 1 6 R 2 . l H S R 2 . 0 9 1 1 9 . 70R R 1 . 7 R 4 RI.215 4 0 . R R 7
11 P H g A /« h R O . 6 O O Ro . H O R 4 1. RA / 1 . 4 " 2 45.679 47.792

6 P . 661 ' R 6 . n o o R R.«66 R 9 . H 7 6 RO .127. J> A g n 3 4
11 6 P . p ] H RI . R 7 R ?A . O A4 24.26! 4 5 . H ? n 27.000 4 0.76 ?
1 ) 6 O. 7 6 0 R 6,7 o o R 1 . p 6 P 'AB , H4S 2 R.) ?9 R 5.11 A R 4 ,67-7
Y SO,HH? R O , 6 7 R R9. ? 9 1. 2 A. 69 6 4 ? . 1 OR 5 R . A 6 A 4 ? . H R k
.1 60,060 2 A . 4 A 2 ? 9 . R9A RA.5A2 R 7 . A 6 2 R R . R A A RO .745
FJ 70. 60 P R2.9A7 Rp, 40? R R . R 2 A H7.?AR 2 6 . 7 6 A 34,6 ?4
T 7O.620 27.119 29. 1 R 7 R 6.1 9 R 29.666 26.oor R4,9»2
N 76. H 1 6 Rn.RHl R4. 74 2 R 9.4 7 l 2 R . O 2 9 29.RO? 2?.H 25
y 7 n . H 6 6 R R . A R 7 RA. 74 5 1 R.71 ? 26.961 R 7 . O i 4 46.050
Y 71 , 6 6 l R 1 . 1 7 A 24. 1 9 6 R6.27R 4 O . 4 R 6 50.959 R4.201
7 7 H . 1 5 k 29.214 R 4 . 04 1 22.410 16.102 2 5 . R ? 0 2 1 .69 7

76.106 27.670 20 . 7 RO R 4.1 6 0 ?K.RR2 ? A . 9 5 4 47.IRA
Ç 76,666 24.2OH 2 0 . RO 2 R 2 . ? 2 R 16.060 45.262 R7.4RH
F F 76,6l6 2 R . 1 A 7 2? . 62 R R5.7Q5 RO.700 7 Zi e 4 6 5 75.552
K 7 6 , P o 6 24.?90 ?1 . ORO 26.116 2 4 g A A 4 24.676 14.264

7 6.0 o H 2 A , A A A ?P . 7R5 R?.7?R 16.696 35.540 3(' . 5 24
P 76.non 2 4.? h « ?o . R 7 7 l 7 . l 9 « 2 1 .099 R R, 196 27.404
T 77.?OH 2 6 . o 6 R R H . A 7 A 24.442 RR.770 R 5 . 1 1 R 23.504
n 7 P . H 6 R 1 p . u 7 o 2 « . O AR 27.194 RO, i oR 16.210 ? 7.7 7 A
T 7 R . 760 1Q.R27 19. 2 Al 21.041 22.910 H 1 .96 1 l 7 . A O A
c 7 O . 6 R O 1 R.R?1 9 4. « 6 7 ? H . 2 0 1 l9.649 2k.663 H6.5kl
Y 60.616 17.620 2 4 . 0 '1 6 ?7. 724 44.1R4 RR.Ak R 45.906
P P 1 .06 O 2 R . ? o 7 1 A . 4 7 1 9.12k 2 6. l4 « 43.190 30.369
I 01.626 27.RR? 2 5. 0 54 22.61 7 R 7.766 R 2 . R A 2 20 . fi H 2
P P ? . H O 6 1 7 . R R" ?4. 6 R 6 21.241 1 H . R 2 O ? 1 .57H 9.506
FF R?.«06 2 O . H H 7 1 9. R 5 1 1 O . 1 O R 2 A g 4 4 /t A g 4 A A 10.115
A A R 2 . R 1 ? 17.199 1 R . OR 6 2 1 . 096 22.116 39.514 1 Z, . o 6 6
lv RR. HO h 17.104 9. 4 0 4 1 A . R « R 1 5 . R 6 5 2A.OAR 3 O . 5 9 o
R 0 1 .R 6 R 6 . R l o 1 R . 6 99 R . 2RO 1 R . A 7 0 11.522 1 1 .09 6
N 92.H7M 7.0 R R 4. 906 22.R7A 2 H. H06 2 ?. 2 50 30.100

***#——— ç OR. 1 OR 4.9 0 ? ?24 R . A H 1 l'i. 744 2A.351 27.32k
M 7 . H 1 R 9 1 . H A R 90. HR ] H A . 94-4 79.776 A 0 . 7 0 R 61.577
1 P . 96 7 9 ? . 4 H A PM. 99911 0 5.A no A 4 g A A A 60.O96 44.915
T 1 H . o 7 2 97.969 RR . ? AR A A . A ] 2 6 H . 6 5 4 A A , A P 5 7.2 JJ

12 F F l 6 . o 6 6 90.166 9 6 . 011 A A g ? WA 96.66 R 67.049 47.413
11 P 10.677 79.R4R RI . 7R A «4.H 75 6 R . 9 H 5 A O . A 2 9 54,900
10 P 1 R . 6 6 H R 1 . ? A 2 R4 ., A4 1 7 7 . A 7 R 61.796 57.027 64.759
9 <; l O . 6 R o R R . 9 1 9 RI . AR 7 70.95 R A l . 7 H 5 7 4 . R 7 0 7 4.37 ?
8 i 1o.OO] 7o.646 R 7 .,4R2 6 6 . « R 5 64.966 57.252 57.735
7 21.606 77.967 A A g ARA 76.256 5 5.A 1 o 51.4R7 R9.H25
6 F ? ? . ? 6 P 7 A . R A 9 75.,4R4 A 5.7 O 6 A 2 . 4 7 O 4R . 2 76 A 7 . H H 6
5 1 । 22.HAR 79.07R H 4 .. A9 5 7 R . 1 9 R 7 9 . R 9 O 4 A g P 3 A A (} e A 4 A
4
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w 2^.A4? 72.7ftft ft. 9.A?A 4k.299 4 A , 5 A 9 4 5. 1 H H ? A . 9 1 9
FP 2%.Ah7 74.ft ftp A9.544 AA.hft1 44.444 44.395 F F » g 2 F
H 24.227 74.149 A « . 7 9 9 AA.Oft? A 4.4 1 0 A2.A3ft 4 4 . O A 4
IM) 2 4 . A P n 7 k . 9 4 ft A H . 9 7 ? 70.121 44.249 A H .59? 45.190
C 7aa 4 43 H4.PpP. 71.949 4 A . 4 14 x2.AOl 5 1.5 L / . . ..

24.9]A 7) .91 ft A 9 . 1 1 A ft f', . 5 ? 2 53.799 7 F , F g F 4 7.4 42
n 2 * AAA 79.919 ft P . ft 7 l A ft . 7 4 7 A9.ftftft U ?. 0 2 0 1 0». 424
X 2A.D]M /A . 7ft9 44.475 7 1 . 4 4 7-, 74. 711 A 4.9 9 A 4 O .74?

— — _ A A 2 A . 9 73 7 9 , A ft 4 9 - .H 1 F F w g F H A4.ft44 49 7 or 2 A . 0 1 ...........    ..
r 2 A „ A A ft A , 4 2 S 5 7.2?Q A ? ,91ft 4 ft . A ft 5 F F * n -> A 2.5 R 9

....... ...... I 27.AAA 7 ? . 1 ft A 7 A . n 1 9 F F * 7 5F 7A.122. 7 9 , R A A 43,440
Y ft 7 . ft ft A F K ZY A4.PA? 7 7^ . ? ft, 1 ft » . 4 7 X A x . l 9 5 3 P . 4 O ft
11 2 7 . A H h 49.79ft 79.7,49 H ? . 9 ft 4 4 1 . M 94 4 3 . 7 4 7i 34.437
F 29.nqn 7 1 . 7(V 7 7.4 7 9 F 7,2 F H A 2 . < / ft A4 . ft 1 A 42.4/A
I 1 29.41 9 Fl 9 c 74.491 sn.pftft 4 7. o<ft 47.337 7 ft.04?
.1 ft 9.7 A 7 7 6 F 44.994 4 ft . 1 ? 9 -.9 . ft 4 ft A R . 4 2 H 3R.529

___ p 7n.4H3 7ft.944 77.?79 7 A. 5 92 FF^ F F H Hl.3ft5 "SP . A ] O
F ftp.4MP A 9.1 ft 7 7 9 . ? 4 9 70 . ft 4 9 79).574 5 1 . 7 k 3 4 9 . R ? 1
.1 ftl . 9 ft A A 7 . 9ft l 44.499 F- F * s a g 45.40] FF* F F P A3.5/9

ft 1 . ft 7 ft A 4 . l ft 4 F F , g / g x 5 . ? ? ft F 0 * F F F A A . A 1 « 7 4,7 P X
11 ft 1 .772 A F. 2 2 n 4P.991 57.249 5 H . 7 l 2 F 2 * F F F 5 3.9 R 4

ftl.X2ft A ft . 7 ] 4 7 7.4 ? 1 A7.524 A A . ft 1 ft F ? . / H F 47.291
__________ P H ft2.AQH AA.941 49.1?9 A7.955 3 9.5 ] A A R. 009 F F * H F Z*.

T ft?.A49 A4. ft ?A F H , F F H A9.919 4 0.1 H ft 74.193 7 p. 19 7
IM) ft2.Anp A 7 . ft ft 4 A?.ft 9 a 71.345 7n 4 . A 0 ? 57.?3H . 904
W ft 2.72 7 A ft . P ft 4 4 ft . 9 4 9 94.775 AH.9]x1 07.290 44.304

ft2.794 A4.194 Aft.949 59.ft94 4 O . O ] 9 74.14? 70.494
.1 ft 2 . A ft H Aft . AftA F g * F 7 F 7 9.4 ft 9 37.401 43.942 g- F * FF ]

___ ....... . ... F yft. 99_A A 7 . 4 ft 9 4 A . 2 7 ft 47.49ft 51.225 . 11 > 9.110
T ft ft. A ftO A A . 4 ft 1 Al .9ft 1 AA.1]9 A4. 7 5 ft SA.A34 F f * F g ?
V ftft.A4 7 A4.794 AP.099 A4, ft 4 7-. 42.]O? A 7, . o ft 9 3 0. R 4 4
T ftA.997 A A . 9 ] 9 7 ft . ft 4 ft 5 A . 4 4 ? 5 1 JH 7 1 . 4 09 35.490

ftA . 1 ft? 71.119 4 4.4 ft x A 7.90 ft 4 O .414 50.347 F g . n F F
ft A . 47 4 A ft . 1 9 ft ft ft . ft 7 A 7n.15ft 57.9ft1 3 ?.404 74.755

k ft 4.4 A A 4P.47H A?.k?9 A 7 . ft 1 ? 75.251 44. 1 AO) 4 A . 1 R A
1 ft A . A 4 4 A 6 . 1 1 1 5 7 . ft ft 2 49.444 5 4. 7 n x 4 4.4 4 O 5A.31O
7 -A- .777 71.444 AM.9 A9 4 ft . 4 ftp 7 4.2 O 9 50.404 74.557
\i ftA . <)S? A 1 .7A4 A n . 1 A A A4.120 51.112 59.349 4 1 . 9 3 R

ft 4.94ft AA. 4 ft 7 44.9M9 4A.4?4 7 7 . ft H 2 49.003 7 1 . 4 A 1
I ft A . 1 1 A 4P . 9 r. A F F , F F F A 9.9 ft 1 / F * / F F 5 7.9 A R F w F F
K ftA.49ft A 1 . A ft 1 A 7 . ft A A 7 ft . 4 4 9 7O.Oftlft 49.447 3 A . 1 /t A
V ft 7.PAA A4.Al 2 A?.90 4 ft 9.2 7 ft 7 H . 0 0 2 7 . A 2 P A ?.AR?
FF ft 7 . 1 A ? FF*7 F g 5 A. P 70 4 9.994 A O . A 1 X 54,??4 4 4 . / OA
X ft 7 . A ft 1 A ft. 74 9 7 9.9 ft 2 A ft . 2 9 ft 52.31? A p . 9 R 7 44.249
H F <7. 779 Aft.994 A 5.7 9 1 5 u . A 7 ft 75.174 A 4.09R 5 ? . PO?
7 ft P . < 1 ? k 49.194 4 1 . 9»4 5ft.447 A ? . ? 0 A 44.925 5 ? . 4 ft 3

__ ... . _ A_ _ ft F . ft 4 4 41 . ft A ft A4,194 4 ft . 4 4 ft A?.445 7 ? . 7 7 ? 43.OA4
r ft 4 . A 9 4 4 ft.94ft 47.4^9 F , IFF ? 4. 53 5 41.401 A 7.7 ? 3
a À A A A?.952 AP.ft ft 5 45.444 F g e 7 1 F 4 4 . ] O 2 4 2 . (Ml A
X ftp.A4? A 1 .944 55.291 5 4.1 A 9 47.157 54.1 1 n A7.923
11 ft ft . 4 9 4 A ? . 7 A A AA.112 52.04ft AO.? 09 4 7 . 4 9 R 40.AR1

12 ft ftft.AA1 A ft . 4 4 ? A 5 . ft 9 9 51.44? 74.44? 40.919 4 R .099
11 ft 9.9 7 A 44.94? 41.419 ftA. ftftft 7 ? . 7 9 9 44nnft A?.740
10 H ft9.pn A 4 ft . 4 4 9 4P.9 ft ft 4 ft . l 7 ft 51 .A 7 7 F Q * F F 2 A 3 . A R R
9 F ftp.PA? A ? . ft 4 4 4 4.9 ? 4 44. ft 5ft 79.574 R2.H7A 44.497____________________________
8 Dl) ft 9.9 4 9 59.921 A 2 . 1 5 9 A 7.6 4 1 5 7 , A A A 33.944 73.305
7 !vl Afi, 9 A ] ft7H 5 A , X 1 4 . 42.7ft4 7 1, -] 7 3 .5 9.4 H 9 4 ? , R 4 O
6 r; An.p 94 57.11ft 51.«1 ? 7 ft . 4 l 9 53.311 43.914 42.375
5 ________ P A A. . 57.2^2 AO, ft PA 4P. ft ft A 4A,ft 19 A A . 4 1 7 5 5,615 __________
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7 49.999 49.9ft? A A . H 9 Q 5 1 . 9 f) 4 AO.091 17.401 73.409
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1)1) 61.D44 57.351 A H.7 7 A A . 1 P R 55.01 A 5 1 .O n 3 70.23A
o A 41.143 A A . 5 2 9 A n . 7 1 9 5 2.9 z, 0 A O . O 3 Z, 50.713 17.770

cc & 1 . 2 R n 5 A . 5 ? 1 4 /k . A 3 3 A4.A?4 3 A . P P 9 A 4 , A A 5 A . 3H/^
f- F 41.311 4 1,4 4 4 5 9, QAR A 5 . L> Zk 3 5 7.7Rz, 57.503 3 A , 5 9 A
h k A 1 . HAQ 5 4 . A 90 A3.233 5 5 . 2 9 P 17, 5 /R 9 4. 205 1 A , A A
P 41.RH2 53.142 53.217 5 3. H9 9 Zk 1 . 494 3 5 . R 3 Zk l 5 . A A 1

1 Al.UQh 5 7. 3 30 57.135 AA,PAA 27.77p Zk z, . A 2 9 AR . 5 9 9
P 42.323 An.n30 A 2 . 7 9 5 A n , 7 A A /.( t\ , A h Zk R . 7 Zk 2 A A . 7 9 0
K 42.74U 57.A?9 52.1,7 A 7 7 . A 1 7 / 1 . 4 R n A 1 , 2 1 A 1 f । , H 7 0
1-1 4 2. 7Au 5 A . 5 5 A 59.453 7 A . 7 7 4 A .94 1 20.920 12.440

___ PR 4 3 . n » p 53. A 34 7?.1R2 AO , 5 n 5 7 5 7 7 A 3 1 , 3 1 .0 51.575
\/ 4 3 . H R M 5 A . 9 O A 49.409 A7.119 59,21" 5.7 1 Zk Zi. 1 '1 , ]

4 3 . 1 1 a 5 A . ion 5 P . 7 7 7 A 7 . 7 4 7 5 7. 14 7 z* R . 9AO 37.734
1 A e /l (-1 5 A . 5 7 7 4Heqn n Z, R . l O 5 4 z, . 9 z- 7 5 4 . O A zt

3 . 7 1 7 53.101 50.003 49 , 1 9 v; Z. 7 . 7 9 A 3 . n i p A 7 . R 5 7
A A 44.124 55.37 ') 7 A . 1 R 7 4 7.0' 7 Zk 5.93 1 ^9.2 On 4 A . 1 9 Z-
n , A 7 zi 5 7 . z. 7 5 44.259 Zf 7.7 3 7 t> A , A A h Z 5 , Z? R 4 l'L39 2
f i 4 4. H << 7 53.341 47.n?l 5 2.5 A 1 ) A' **-> , n ki 5 0 . / 9 R 3 1 .24 5
nn 4 3 . 1 R 1 Zi R . O Zf 3 a 0.01 3 41.37/ 7 5.9'5 : 5 2. AA5 7 Zk . 0 O 4
V 4 R , 3 3 1 57.757 4P. . 2 AO 51 .A1; c) 39.557 AO,059 A A , ] A P.

45.75M 51.359 53.577 A 7.7 1 z. 5 R .HP 5 4 , Zk R 2 59.231
T 4 5 „ Q R « 5 2.5 2 p 5A.232 70.151 5 p . 3 / 5 Al . ?R 5 35.492
J 4h, Q R Z. 54.324 47,444 54.1^5 A2.OO 3 A , /i O A 7 7.2 A 9 •
r c 4 A . Ai h 3 55.1 r,i 59.A92 5 3.7Z-, 1 3 7.9 A A 7 . 7 P 7 4 A . H 1 3
H A # 1 & Z4. A A . 1 5 A 4 P . O 5 P 5 9 . n q 7 5 9.5 9Zk R O . R l 5 32.277
11 s 1 52.371 33.747 Zf 2.9 n A A3.03 5 57.541 25.711
Im 4 7i . A44 50.on3 S 4 , A A Q A4.POQ 4 A , 5 4 9 5 5 . 1 A A 4z> , OR 7
7 4 A . A ? 2 5 A . 1 2 A A 1 , u A 5 R . A 3 A 55.275 3P.20A 31.242
n 4 A, 7A1 AR.on 1 55.473 49.293 A A , A A 1 7. A 34 2 R . 4 A o
A 4A. Al 9 50.4PA 39.749 4?.734 5A.479 2 P . 9 3 Q 5 4.3 4 O
\ 4 7. n 0 n 52.579 A 3.3 9 7 4A.771 2 9. 2 R A 57.419 A 3 . R 9 3
LI 47.?A9 52.AP3 47.404 47.094 A4.719 RI , R 41 3 A . R 1 5
P u 4 7. 94 A A3.235 4 0.3 .5 7 AO. 1 Pl 2 1.015 A A . 1 5 A A 1 .A7 1
p 4 7.3 2 7i 49.911 5 7 . o 1 A 4 1 . R n z. 54,999 A 9 . A 9 3 H Zk . 5 9 p

4 7 . 5 9 z. 44,^43 5 3.7 A w 5A.4A2 17.409 n . R97 AA.09?
R R z, 7.72 z. z+ 0 , p Zt A 47.995 ^9.727 55.370 4A.522 A H . R R 2
h> 4 w . A 7 2 51.549 4 A, 7 54 A2.21A Zk 2 . A 2 3 A?.27? 7 1 . « 9 A
A A P , ^47 4 A . 9 l O 45.535 Al .97l A A , A A Q 27.722 R ? . A 7 7
V 4 P 4 H 4 4 41.^2^ 5 9 . A 3 9 45.077 5 A . 5 2 Z, 5 A,9 00 2 O . R O R
11 4P. . 749 5 z* . 44 A 4 3 . « R 3 4 4.37 A 50.514 A 7 . « A 9 12.197
1 I 4 W e p 4 4 51.417 A2.5R4 51.225 5 0 . A 1 2 49.235 55.0() 1
p 4P.P22 4 9.4 9 p 53.R74 4 1 .R 7 9 43.401 7 2 . Zk 9 3 A O' . 2 O A
p 40,nn A 5 1 .4 5 « 53.003 A 9.9 7 7 4A.039 39.144 75.494
Y 4P.141 5 1 .1 4 A 54.5 A A 5 4,2 n A 5 P . 5 3 A 49.972 55.175
A 4 9 . zt 5 A 49. A5 5 4 9.9 A 9 70.112 55,424 5 l . 5 3 3 29.23A
P 49.435 54.729 50.717 2 P . P 2 O AZ, ,59 2 45.123 59.424

1 1 49.5 A4 5 O . P, 5 A 43.234 A A . p 1 5 21.924 A O . O 7 9 71.142
L| 49.API 52.754 5 7.1 1 A 3 9.2 2 Zu 5 A . 5 7 A 20.151 A A . A A 1
n 5A.A4 P 50.397 47.470 A A, AHA R2.771 4P.121 R 1 . 1 7 2
A A 50.391 5 1 .7 9A 5 A . R 9 0 3H. 1. 7 7 4 7.5 1 Zk A3.R 7 5 A 1 .002
V 50.579 50.593 43.917 59.797 7 3.1 Qzt 43.930 43.AR4

12 PF 50.51 A 55.175 43.775 27.230 24.A57 3 7 . P l 7 40.300
11 • 14 50.747 5 3. 309 4 A . 2 7 2 5 A. 3 79 A 5. 2 0 5 49.RHP 4A,R 7 2
10 PF 50.977 5 O . o P 2 A A , A A A 2 2 . A n I 47.123 3 1 .R 2 7 2Zk .54 /
9 51.214 51.049 47.271 42.500 3 4 , A A O 29.925 49.043
8 C S].4^4 47 . A4 7 5 3.2 P ( 5 0.3 2 5 5 A , 7 5 7 57.049 42.39]
7 PF 51.401 4P.347 59.7 or 4 x . 1 2'1 5 3 . 2 5 R 57.215 54.799---- —-- ---- — _ _ .
6 r; 52.107 4 R.30 3 47.970 A A , 0 A f i 4 A . 2 5 4 54.597 4 A . ] 0 O
5 52.3 2 45.2J2 59.235 45.A40 2 7 . A 3 A 37.949 5 1 .9 H 7
4
3

i 52.31 7i 4 A . 3 P 4 5 Z(. . A 1 Zk 47.551 31.323 27.579 z+ 1 .70 Zk
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P 5 2. 5 P H 4 6.4 O 7 60. 6 69 2 9 , P P 1 11.666 6 6 . 46 9 30. IR 1
i '-1 h ? . 5 4 9 46.465 32 . 3 O 6 3 6 . H A 3 5O.013 70 . 1 4 Z 3 1 . 9 3 0

PF 5 2.5 5 P 47.216 3 4 . 47,HOl 4 2.173 6 O. 1 4 9 2 O .
n 52.746 47.794 5 1 . 9 0 / AA,1 A 0 , ? 6 0 A 3 , 0 2 7 2 Z A

* Il 5? . 76 1' 4 9.4 2 2 4 1 f ii a r ' a 9 4 a . Q 2 R 4 L, 2 Ax 040
52.129 4 4.576 4P . 676 3 H . 76 0 25.625 2 F ' 1 6 0 . A 1 7

( 1 5 2. 2 26 42,762 5 3 . 7 46 39.1 4 0' 6 O, Q4 R 4 6 . 33. 1 g z,
% H H ? # h 42.461 3 P . 5 2 7 04,337 / 4 . O H 6 A 6 . gg 5 « . 4 4 O

H H 52.567 42. 241 49. 4 / 9 54,104 4 6 . r, 7 ? 3 O ». 9 76 4 3 , 6 6 a
c r 5 2.5 4 7 4 9.1 ! 61 4 9 . n 2 7 6 3 , H 6 H 41.649 A 1 . 1 2 2 A 9 . 9 A ?

52.62/ 5 4 . 74 9 2 « . 6 7 ' । A4,236 3 4 . 5 4 9 3 A , 539
52.447 , Q 2 A 44 . / 4 A 0 , H A A g 1 AA . 4 1 .4 7 2 2
59.76/ 44.129 7 2 A A H # h 9 Ci h „ u g h 3 2 . 6 10 A Z .

'■ 1 1 5 2 . P 4 1 46.565 44 . p 47 4 H . 1 A 9 4 H , O H 6 A 4 9 O 1 . 24 A
C 5 2 . p. 6 5 45.946 c) ? g 27.657 50.9 1 R 7 5 . h g g 5 4 .
r 56.274 4 0,6 U 9 5 9 . 7 7 2 6 . à g 7 44,QOA g g e 4 9 H 42 , 6 4 1

h ù U Zi /. r ' e h 4 3 4 . 3 0 / A4.140 57.605 6 H . R 2 7 4? . 3 7 4
H A * h u ( 42.664 6 4 . ( K il 4 7.4 Z A 66.999 g /. g A 22 g g

1-1 5 4. / 6 Zi 45.OO5 3 2 . h n h 27.359 5 9 . O 6 4 Al , 7 7 5 3 Z . 6 2 6
54.« w? 42.042 5 2 . 1 47 4 H . 4 A 3 39.ZOR A A , 0 2 2 2 07

r 5 6 . P P l 46.p11 46. 2 O 5 57.360 A, 2 . « 34 A 1 . 6 AO 7 A , 4 0 7
5 5 . ' ; 6 x 42.51 P 5 1 . 7 1 1 4 7.141 57.294 3 9 . 3 33 6 1 . 4 6 O

1 .1 55. c/» n 46.414 3 7 . 4 0 2 4 7 . 2 0 1 4 3,473 6 1 . 3 1 0 3 3 . 1 3 7.—- - - ............. — . —— . — - - . -------- -— —------- - --

nn 55.265 4?.476 44 . P 5 7 62.029 3 9.76 Z 29 . P 6 2 7 1 . 39 n
7 55.245 42.756 50. ] h 4 O . 2 0 Z 3A.A44 5 2A 42. OA A

i P 55.212 44,662 50. 2 Z 7 4A.772 79.721 29 . 9 77 5P- . A l O
1 ) 55.276 4 4.9 4 P 47 . 1 1 H 25.549 3 R . 5 P 7 44. 1 04 65 . 47 1

55.294 e 9 Q 6 39 . 2 1 4 3 0.P 71 6 0 . P 3 7 5 7 . 74 1 4 1 . 249
। r r 55.645 27.752 5 4 . 43.210 45,936 42. 935 A4 . 1 1 1

i< H 55.921 47.2P2 PO 5 5 6.2A9 41.322 7 7 . non 4 9 . 1 3 7
P 54.429 4 2.72 P 49. 4O.931 A3. H4 Z 1 0. 562 2 P . 4 A 1

5 6 . n 6 p. 44.l74 4 3 . A 7 9 26.7P7 54.527 7 7 . 1 OO 26 . 222
ni i 5 6 . 1 H 4 42.162 5 3 . 1 A3 33.157 4 6 . l 0 4 5» . 5 75 A4. A 1 3
nn 56.222 4 1 .6 9 9 34 . 95 2 4 4.2 4 5 36.17 A 4 A . QA4 50 . 442
c 56.642 4 2 . 20 0 4 1 . 4 20 3 9 . A H 2 46.9 6 6 5 R . 1 A 7 44 . J *17.
r a 54.4)2 4-4.446 52 . g s □ 57.736 43.309 73 . 1 g g A3 . U».)
H 5 4. P46 44,717 44 . 2 32 2 7. R9 R 4 H .Ail 42. R 14 1H . 995

V 1 1 5 4 . P 4 6 e P 1 4 6. 4 1 3 22.797 ii h , 2 3 . 7 2 R RA . 36 3
II 5 7. 794 6 « / Q A 2 3 . 2 1 4 64,34A 4A.620 77, 7 34 7 7^004 • « - - — - —- - — . . — — .... ........

U 57.925 2 7.61 4 4 7 . 7 1 O 3 6 . O H 9 5 7 , R 5 7 32 . ? g g 4? . 7 23
. P 57.969 4 6, , 2 6 9 4 6 . 0 5 9 45.100 30.ROA 35. 04 7 3 4 . 6 OA

7 62.144 4 ? . 2 2 p 4 0. 2 ?n 45.671 3 r' . A 4 3 7 O . 1 9 6 A3 . 1 R 7
r: 62.612 41.226 4 4 . 520 4 A . P. 7 Q Al.232 5 A. 6 AA 3 1 . 025

■■ p 6 p . 9 2 P 4 O . P 2 1 37. 9 3 7 2 7 . P 2 4 3 R . 4 4 4 25 . 5 7 7 5o. 2 R 0
n 6 9.9 9 9 41.645 4 1 . 4 9 6 55.553 79.7 O3 4 « , 749 5 1 , 221
p 59.196 27.712 4 1 . 4 HQ 4 7 . A 4 6 5 P . 4 2 l 4 1 3 AA . CIP 7
1” 6 9. 1 9 P 3 w . 6 0 p 35, 5 1 4 66.352 ,71.525 42, g g g M- . 1 ' ] A

59.472 40.790 2 4 . 754 4 A.964 3 9.5 R A 3 5 H 4'1 H 6 452
\/ 59.476 /< g Q ^5 43 . AP Q 46.325 59.762 53. 34 9 A3 . A 2R
11 59.712 & H t A f '1 5 4 9 . 355 42.7 6 7 l P . 5 7 6 A 7 7 97 4 5 1 3 n
c 59.741 4O.647 4 5. 4 7 P 46.930 3 7.9 4 0 A 7 . 4 ? 7 37. 64 7

12 p 69.619 40.999 42 . 3 1 9 46.663 59.636 7 1 5 07 34 503
" 1 59.942 3 9 . 3 P 1 4 7 . 955 42.124 41.032 27. 5 0 2 19. 2 0 ( :
10 A 59.9 ne 42.296 3 7 . 9 9 7 36.466 67,159 h K 3 0 2 4 R QD3
9 FF 60.069 3 7 . w 9 P 44 . 1 54 36.253 47.011 AO. A 1 5 65 . 57 4
8 n 40.762 2 P . 1 1 9 2 P 7 R 1 37. l 1 A 4 P . 6 l 6 A O 0 6 0 2 7 3 R 7
7 T 60.97p 36.711 3 7 . 95 A 25,963 7 A. 9 94 7 g 4 1 9 3 1 j 79 6
6 .1 60.962 3 9 . P 7 6 3 5 47 6 5 P . 7 7 P Al .42 P, 29 6 6 0 A 3 OR 4
5 41.2«O 3P,370 35, «7 3. i* g {h 32.325 Al. 6 03 6 7, 12P
* W
3

61.521 34.464 3 O 755 39.546 53.R56 34 397 23 .567
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A A A ] . h 3 A 3 p . H H 4 3 7 . 5 79 774 4 M . 4 9 O 2 2 . « 5 0 30.533
I F i , a h a 4 1 . 4 3 3 3k. O 1 3 3 3 . 774 5M.15F 2«.705 4 / . 3 l F
Y a?. ioi 37.322 3 3 . O 4 53 A a . 9 ? 5 F9.774 27.451
P K a 2.1 an 3 H . 3 F 3 5 3 . 2 7 ' ' 3 1 . 9F? 4 7.3 9 1 14.F?0 M1.474
H S2.pqo 37,Fky 3 k . 90 7 35, k y a 5F.kF? 41.392 70.391 , ........... ...
1-1 F2. 7FF 3 F.OA 4 3 7 . 5 7 1 4 5 . P O Z; 5 4 . /L 3 7 22.31 « 34.791
y a'< .07 4 33.033 40 . 9 3 7 3 F. 1 03 4M. 7 /1 A A e Q ? A "2.713
k a ? g 33.3kl 42 . 1 9 7 3 H . F 3 0 4 9 . F 4 5 F | . 14 0 2 / . 7 F 3
1- F 0 . 3 1 /, 3 F . 1 4 F 3 3 . a- ? 3 5 7 . 039 9 7 . P 7 5 19.275 35.023
Y F 3 . ? 37.130 4 1 . 9 9 5 3k . ( 1 ? Z. 30.79? 5F.F52 3 5 . F 3 5

_ T F3.77F 4 0, A A M F 2 . F 3 1 9 7. F 1 4 4 5.030 31.415 43.37F
A F 3 . M 1 ] 39.72F 3 7 . O A 1 5 F . 3 F 5 2 F . 7 4 o 13.532 1 z. n 5 1
C 6. , S 3 1.7 7 7 30 . 0 5 7 ' 1 . 4 5 F 40.34F 17.293 4F.107
1 1 A4. e h A4 3F.o]7 43. 2 2 2 5 3 . 2 0 4 3 3.9 7 o 2F.M15 5 7.3 F 3

__________________  T FA.730 37.4H7 4 3 . 7 2 F 9 A . 9M -1 5 1. . k 3 F 3o.Op3 7 A . M O 9
FF.O?? 3A.237 A 7 w 5 1 . F 3 k 19.3 73 5 5.9 F 7 57.324

___ _ ' ' F h. 3 3w 3 7 . k o o 3 9 . 9 3 9 54. F 7 0 F?.157 A f , A A A 71.425
Y 6) A , ( / 4 2f. 7 PF Fk . k 3 o 4 A 5 M . 9 7 » 3 5 . F 2 F 21.372
1 FF. / 1 7 32.OA] 3 7 . 27. 49 3 74.193 1 5. ?7 1 39.041
V FF.743 3A.041 4 3 . O H 1 3 4 . 79 7 29.79k 41.420 47.354

___  I i FF, k U p 3 1.0 3 1 33. 9 22 3 3 , 1 9 0. 37,210 35^750 42,1F!
A F F . 4 1 2 3 A , P Q 3 3 . O 3 3 4 9 . F 5? 47.922 4 k .054 A A , A ] A

___  _ F FF. 11 g 3 3,43? 3? . 4 M 1 IA. 4 M 3 3 4. H FO 4'4.4 1,0 4F.524
Y A A „ S A r i 3?.703 2 7. 4F . 0 53 3 5 . M 7 5 5 1 .357 14.214
11 F F . F 7 1 3 k . 3 3 ? 3F. F o 1 4F. 9 ? 1 15.F3] 4 4 . «9(1 42.214
K F F . 7 2 1 37.FO? 35 . ( ; 1 3 29. ? 5 4 1 9 . 04 F 17.052 72.395
c A A e R 4 4 3 F . 1 7 ? 3 0 . F 2 9 595 21.OF1 M 5 . F F 3 37.371
n F 7 . O F l 33.70? 43. 4 7 3 1 9 . 23 7 34.104 F 1 .900 53.174

___ F7.FO2 3 F . 1 ? 3 FO. 04 0 52 . 5?5 35.?29 39.F11 53.035
K F 7 . « 4 0 29.279 25 . 7 3 4 ? 7 . 72 ? 2 2 . OFO 1 4 . ? 0 1 F] .40 7
1 F «. OAO 32. 2 30 3 5. 1 3 k 40 . 703 1k.509 31.4F1 79.14?
n F P . 2 P H 34.193 1 A . FO A 41 . F 1 O 55.990 3 1 .A OF 32.925

_ i F H . k O 3 ?k.1«0 ?O . P 1 k ? A 27? A f . A 2 A 3 1.7p 1 55.131
n F u . 7 2 O 3 ? . H 3 3 3 1 . o FA 32 . 3 1 k 19.421 4 A 7 1 2 a 1 . k 59
r? f a , k i n 2 p. ]ou 3 1 . 2 1 3 3o . 1 MO 34.9F5 2O.FF1 34.0F3
M F U , ? 3 3 ? H .44O 4 O . AM? 99 1 44.592 33.359 40.924
A A FO. 31 F y , A O b 29 . ? 2 k 4 k . F 39 3 A , q < j 5?. o< 5 72.OF"
r FO.722 30.733 1 7 . A H A ? 3 . 3F9 A4.314 FM.254 5 1 . 9 l 4
du FO. k1 1 32.7h7 4 1 . v o n 44. 70 o 37.112 a 5.977 33.79k
a /o . 7F 7 3].40? 2F. 7 7 1 34 . 9 5 9 42.792 20.147 51 .75 F
k 70. h ai 24. 9.4 0 3 7 . F 70 42 . 34 A 5 0 . c, 1 7 40.332 44.35l
FF 71.11! ? 9.4 p h ?k . 3 3 3 49 . 4 9 3 47.329 3k.592 45.773
F 72.433 30.303 2 7 . A 1 3 29. 05? 5 H . H 4 3 44.057 4 2.404
k 72.4?& 27.34F 2 H. 4F7 35 . 5F 3 23.771 49.231 53.47F

________ _______ F_ 7 k , 4 4 ? 20.074 35. •■>. 9 3 32^ 2 FO 3A.5FF 3F, 1 MM 23^457
M 73.3FÎ 2F.13F 35 . A 1 H 3 0 . 7 2 0 32.«25 23.1)74 3?.370
n ,23.443 2 H , 9 A ? 4 5., 1 39 45. 422 1 ' . 15 1 37.547 72,933
1 7 A e A A A 23.314 ?7. 0 3 4 ?F. A V A 10.79? 45 .OH 2 41.221
J 7 A e 4 4 c) .2 1 .30 4 1 P . 507 1 « , AF9 3 ? . O ? 3 4 3 . « 1 0 39.015
y 7F.373 2 2 . F 3 9 39. 4 AA 3 4 . 4 1 F 73.455 A4.5F3 FF.224

____________ 7 7F.332 27.233 2 1 . 20 3 3 1 . H2M 4 H . 7 ? 3 34,55F 4 2.311 ______________
CC 77.124 2 o . A 7 A 20. C 0 0) 579 19.930 ??.374 25.954

J-F 77.201 24.092 20. 457 2 0 . ?5 1 39.]A4 4_3_, 9 ] 5 34.547
A A 77.312 23.37? 25 . 3 ? 3 o . 3 2 1 3F .O3 9 ?1.299 3 0.7 40
Cl 77.33F 23.424 ?3. H FC' 7 5 . 1 7 3 >0.47? 2 7 . F 9 O 44.074
a 77.F4A 21.930 1 9 . 1 9 5 ? 4 . 4M 1 41.039 4 ? . O 5 A 53.341

_ 11 77.374 ? F . 4 7 7 2F. 1 73 40. 1 04 5 F . 5 1 F 32.534 20.004
cc. 70.031 21.253 3F. F 1 H 34. 43 F 2 7.4 0 M 73.397 53.405
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APPENDIX C
MAP TEST-SETS

CODE

26 =

11 =

29 =

13 =

28 =

10 =

19 =

16/41 =

46 =

44 =

32 =

45 =

31 =

43 =

38 =

40 =

2 r

.90 (+)

.80

.70

.60

.50

.40

.20

0

.20

.40

.50

.60

.70

.80

.90

1.00 (-)
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APPENDIX D
CONFUSION MATRICES

In Tables 1. . . 9, which may be called confusion matrices, rows
represent stimuli (1=1, 2, . . 16) and the columns stand for re­
sponse categories (j = 1, 2, . 
section of the i^ row and j

16) . The element f* at the inter­
column gives the number of times the

stimulus 1 was sorted into category j. If no ranking errors were made 
with stimulus 1, then 100 would occur in the cell in row 1 falling on 
the main diagonal. Thus matrix rows depict the distribution of item 
(1 = 2.........16) rankings taken over the 100 subjects. Comparing
successive rows or successive columns indicates differences in subjects' 
map comparison ability due to variations in map correlation. Comparison 
of successive matrices shows differences in subjects' map comparison 
ability due co variations in the map graphic and the complexity of the 
mapped distributions.

152.



TABLE 1

LINEAR DOT MAPS* 
(n = 100)

AC
TU
AL
 R
AN
K

JUDGED RANK

Rb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 REC RDd

1 32 47 8 12 1 68 104

2 28 31 19 21 1 69 92

3 16 14 31 27 9 2 1 69 102

4 12 6 24 28 24 5 1 72 109

5 8 1 14 10 55 8 4 45 89

6 2 2 2 7 52 34 1 48 63

7 1 2 4 30 53 10 47 62

8 1 1 2 8 84 3 1 16 30

9 1 2 88 6 1 1 1 12 23

10 1 8 47 32 8 3 1 53 83

11 1 32 42 6 15 3 1 58 83

12 12 14 22 35 10 6 1 78 115

13 1 3 7 41 22 13 10 3 78 110

14 2 18 9 35 24 12 65 99

15 1 9 5 20 36 29 64 91

16 6 5 16 20 53 47 91

aIn this and the following confusion matrices rows represent stimuli (i = 1, 
2, . . ., 16) and the columns stand for response c|^egories (j = 1^2, ...» 
16). The element f.. at the intersection of the i row and the j column 
gives the number of^imes the stimulus i was sorted into category j (n = 100).

= Rank Order (see explanation in text).

CRE = Total Ranking Errors (see explanation in text).

^RD = Total Ranking Displacement (see explanation in text).
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TABLE 2

QUADRATIC DOT MAPS 
(n = 100)

JUDGED RANK

AC
TU

AL
 R

AN
K

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 RE RD

1 29 67 2 2 71 81

2 54 25 8 7 6 75 94

3 4 6 30 31 26 2 1 70 110

4 7 18 37 23 10 5 63 97

5 2 2 18 30 19 10 1 70 110

6 2 10 5 11 43 28 1 57 91

7 2 13 1 22 44 8 46 97

8 2 1 2 5 80 9 1 20 33

9 4 64 21 8 2 1 36 54

10 3 20 52 15 9 1 48 72

11 3 17 49 2 22 5 1 1 51 93

12 1 2 3 22 5 55 6 1 5 95 128

13 1 3 3 27 10 33 10 13 90 139

14 1 1 5 28 3 28 19 15 72 132

15 21 2 19 37 21 63 107

16 17 5 32 46 54 119
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TABLE 3

CUBIC DOT MAPS 
(n = 100)

JUDGED RANK

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 RE ■ RD

1 45 51 2 1 1 55 62

45 32 11 10 2 68 82

3 8 14 44 29 2 3 56 72

4 2 1 27 35 16 17 2 65 91

5 1 1 8 16 46 22 5 1 54 74

6 8 7 25 43 16 1 57 81

7 1 6 12 63 14 3 1 37 40

8 3 13 74 7 2 1 26 31

9 2 1 2 7 76 7 5 24 41

10 2 9 51 32 2 4 49 61

11 6 28 44 9 10 4 56 71

12 7 13 32 42 1 2 3 68 89

13 2 6 40 27 5 5 15 73 118

14 10 11 29 23 27 71 108

15 5 4 21 46 24 54 68

16 1 2 2 40 24 33 69 128
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TABLE 4

LINEAR CHOROPLETH MAPS 
(n = 100)

JUDGED RANK

R 1 2 3 4 5 6 7 8 9 10
--- T
11 12 13 14 15 16 RE RD

1 LOO 0 0

2 72 23 5 28 33

3 23 66 10 1 34 35

4 4 8 58 28 2 42 48

5 3 25 62 9 1 38 42

6 1 2 8 86 3 14 19

7 1 3 92 4 8 9

8 4 95 1 5 5

9 94 6 6 6

10 1 5 80 3 11 20 32

11 12 12 70 6 88 94

12 73 18 7 1 1 82 85

13 7 5 64 23 1 36 44

14 2 19 72 6 1 28 33

15 1 4 4 89 2 11 16

16 3 97 3 3
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TABLE 5

QUADRATIC CHOROPLETH MAPS 
(n = 100)

JUDGED RANK

AC
TU

AL
 R

AN
K

R 1 2 3 4
5 1

6 7 8 9 10 11 12 13 14 15 16 RE RD

1 97 3 3 3

2 3 78 17 2 22 26

3 16 73 9 1 1 27 30

4 3 8 74 14 1 26 30

5 2 13 75 10 25 27

6 5 7 79 9 21 26

7 9 90 1 10 10

8 99 1 1 1

9 1 97 2 3 4

10 2 95 3 5 11

11 1 81 13 5 19 24

12 16 66 18 34 34

13 1 3 21 70 2 2 1 30 39

14 5 44 50 1 56 57

15 50 46 4 54 54

16 2 98 2 2
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TABLE 6

CUBIC CHOROPLETH MAPS 
(n = 100)

JUDGED RANK

AC
TU

AL
 R
AN

K

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 RE RD

1 99 1 1 1

2 1 87 8 4 13 17

3 8 40 31 1 40 41

4 2 30 41 7 2 41 45

5 1 3 5 83 8 17 22

6 9 75 16 25 25

7 16 82 2 18 18

8 1 95 4 5 5

9 1 3 92 3 1 8 10

10 3 72 25 28 28

11 1 25 60 14 40 41

12 12 71 14 3 29 32

13 11 70 16 3 30 33

14 2 18 64 16 36 38

15 2 16 75 7 25 27

16 i 1 6 
J___

93 7 8
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TABLE 7

LINEAR PROFILE MAPS 
(n = 100)

JUDGED RANK

AC
TU
AL
 R
AN
K

R 1 2 3 4 5 6 7 1 8 9 10 11 12 13 14 15
- '
16 RE RD

1 98 1 1 1 2 4

2 1 73 21 4 27 34

\ 3 18 54 19 5 2 2 46 61

\ 4 \ 5 17 58 13 3 4 42 58

5 1 1 4 14 63 8 8 1
1 37 57

1 6 1 2 3 9 54 27 1 4 1 46 59

\ 7 1 1 9 32 52 1 4 1 48 64

\ 8 \ 1 1 1 7 78 8 2 2 22 37

I 9 1 10 76 5 6 1 1 24 41

1 10 1 3 7 42 28 9 4 5 2 58 103

1 11 1 1 5 28 37 12 11 4 1 1 63 96

1 12 1 8 18 11 57 4 1 1 89 106

13 1 ' 5 1 8 61 17 6 2 1 83 105

1 14 1 1 4 5 8 72 9 1 28 50

1 15 1 3 1 8 86 2 14 29

16 1 1 1 3 1 1 92 8 27
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TABLE 8

QUADRATIC PROFILE MAPS 
(n = 100)

JUDGED RANK

AC
TU
AL
 R
AN
K

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 RE RD
1 94 1 3 2 6 15

2 3 51 32 13 1 49 67

3 1 37 32 23 5 2 68 86

4 8 18 50 22 1 1 50 64

5 1 2 9 11 64 11 1 1 36 58

6 3 3 4 63 22 3 2 37 53

7 1 21 51 22 4 1 49 57

8 1 1 4 20 55 11 6 1 1 45 67

9 1 2 16 40 39 2 60 68

10 1 1 2 4 36 43 10 3 57 79

11 1 1 6 6 64 16 5 1 36 48

12 3 15 59 21 2 41 46

13 6 27 56 8 2 1 44 54

14 1 2 7 66 24 34 55

15 1 1 1 24 72 1 28 34

16 1 1 98 2 5
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TABLE 9

CUBIC PROFILE MAPS 
(n = 100)

AC
TU
AL
 R
AN
K

JUDGED RANK

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 RE RD

1 97 2 1 3 4

2 3 51 28 17 1 49 75

3 28 35 33 2 1 1 65 114

4 11 28 47 9 1 1 1 2 53 87

5 4 5 4 55 17 10 1 1 2 1 45 89

6 1 18 37 26 7 3 1 4 3 63 114

7 6 23 38 17 7 2 3 1 2 1 62 108

8 6 9 13 43 20 3 2 1 3 57 100

9 2 3 6 4 20 36 14 10 5 64 126

10 5 3 7 18 35 21 4 5 1 1 65 114

11 1 1 1 1 12 18 21 8 37 79 142

12 1 1 2 3 2 19 32 10 30 90 143

13 1 2 6 6 66 10 5 2 2 90 124

14 4 2 73 21 27 31

15 2 1 21 75 1 25 30

16 1 2 97 3 8
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APPENDIX H

One reason for inversions of particular map pairs could be 
attributed to imperfections in the cartography, photography, or 
printing. This is the case with maps of rank 11 and 12 in the 
linear choropleth set. The darker tones of map 11 appear to have 
been weighted more heavily than the degree of pattern randomness 
when choosing which map was more highly correlated with the format. 
This caused map 11 to be ranked next to the dark-tone map 13. Re­
inversion of maps 11 and 13 produced a more realistic (i.e., smooth) 
response trend with both ranking errors and ranking displacement 
plots. Although the confusion matrix was left unaltered for data 
analysis, corrected (re—inverted) versions of the data are depicted 
on all graphic displays that follow. This is also the case with the 

corrections discussed below.
A second type of weighting error did not involve map imperfec­

tions. An example of this type of error can be seen in both the 
quadratic and cubic dot map sets. Each contained maps with empty 
cells in the low value zones in the medium-high to high r value 
range.* (Footnote # 4 is listed with the references to Chapter V). 
These items, namely maps 12 and 13 in the quadratic dot set and maps 
14, 15, and 16 in the cubic dot set, seem to have been mis-ranked by 
overweighting empty cells and underweighting the true degree of sur­
face roughness. Since it is statistically insignificant if a cell 
contains 0 or 1 dot, this is a major source of deviation between the 
perceptual mechanism and the statistical model. A smoother response 
trend in ranking errors was produced by re-inversion of the quadratic 
maps (items 12 and 13). Since alteration of ranking displacement 
with maps 12 and 13 of the quadratic set and alteration of both rank­
ing errors and ranking displacement with maps 14, 15, and 16 of the 
cubic set would have been ineffectual, these responses were left un­

changed .
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The quadratic choropleth map set also contains an obvious anomaly 
with maps 14 and 15. These maps appear to have been inverted because 
one two-cell dark block occurring in an otherwise light-toned area was 
weighted disproportionately high at the expense of pattern roughness. 
Strict inversion of this map pair would be ineffectual; thus, both 
ranking errors and ranking displacement values to be plotted were de­
rived by averaging the values for items 14 and 15 over linear and 
cubic choropleth maps.

The profile map sets introduce a third example of perceptual 
overweighting. In particular, maps 12 and 13 in the linear set, and 
maps 12 and 13 in the cubic set, appear to have been interchanged be­
cause either the more extensive horizontal empty zones on the former 
(maps 12) — often the result of hidden profiles — or the rougher 
look of the latter (maps 13) were weighted more heavily when deciding 
which exhibited the higher degree of association with the format. 
This occurred in spite of the fact that there were fewer hidden lines 
with the more highly correlated items (13). These two pairs of maps 
were re-inverted on ranking errors plots but left intact on plots of 
ranking displacement.

Graphs 1 and 2 identify and display the results of map inver­
sions. These graphs can be compared with the respective tables in 
Appendix E.



TABLE 1

TOTAL RANKING DISPLACEMENT a 
(n = 100)

%This table consists of the row totals (RD) from the 9 confusion matrices 
found in Appendix E.

r2
DOT SETS CHOROPLETH SETS PROFILE SETS

L b Q c L Q C L Q C

+ .90 104 81 62 0 3 1 4 15 4

.80 92 94 82 33 26 17 34 67 75

.70 102 110 72 35 30 41 61 86 114

.60 109 97 91 48 30 45 58 64 87

.50 89 110 74 42 27 22 57 58 89

.40 63 91 81 19 26 25 59 53 114

.20 62 97 40 9 10 18 64 57 108

0 30 33 31 5 1 5 37 67 100

.20 23 54 41 6 4 10 41 68 126

.40 83 72 61 32 11 28 103 79 114

.50 83 93 71 39* 24 41 96 48 142

.60 115 128 89 42* 34 32 106 46 143

.70 110 139 118 44 39 33 105 54 124

.80 99 132 108 33 32* 38 50 55 31

.90 91 107 68 16 18* 27 29 34 30

-1.00 Ql 110 128 3 2 8 27 5 8

1346 1548 1217 4o6 378 391 931 856 1409
To tai

4111 1114 3196

bL = linear; Q = quadratic; C = cubic

*These figures are not representative of the original subject response 
data. Refer to the text of this appendix (F) for further discussion.
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TABLE 2

TOTAL RANKING ERRORSa 
(n = 100)

aThis table consists of the row totals (RE) from the 9 confusion matrices 
presented in Appendix E.

r2
DOT SETS . CHOROPLETH SETS PROFILE SETS

Lb Q c L Q C L Q c

+ .90 68 71 55 0 3 1 2 6 3

.80 69 75 68 28 22 13 27 49 49

.70 69 70 56 34 27 40 46 68 65

.60 72 63 65 42 26 41 42 50 53

.50 45 70 54 38 25 17 37 36 45

.40 48 57 57 14 21 25 46 37 63

.20 47 46 37 8 10 18 48 49 62

. o 16 20 26 5 1 5 22 45 57

.20 12 36 24 6 3 8 24 60 64

.40 53 48 49 20 5 28 58 57 65

.50 58 51 56 27* 19 40 63 36 79

. 60 78 55* 68 30* 34 29 43* 41 34*

.70 78 73* 73 36 30 30 39* 44 69*

.80 65 72 71 28
*

35 36 28 34 27

.90 64 63 54 11 22* 25 14 28 25

-1.00 47 54 69 3 2 7 8 2 3

889 924 882 330 278 363 547 642 763
To tai

2695 971 1952

bL = linear; Q = quadratic; C = cubic

^These figures are not representative of the original subject response 
data. Refer to the text of this appendix (F) for further discussion.
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APPENDIX F

MISCELLANEOUS TABLES
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TABLE 1

MEAN STANDARD DEVIATIONS IN 
RANKING DISPLACEMENT 

(n = 100)

*L = linear; Q = quadratic; C - cubic

r2
DOT SETS CHOROPLETH SETS PROFILE SETS

L* Q C L Q C L Q C

+ .90

.80

.70

.60

.50

.40

.20

0

.20

.40

.50

. 60

.70

.80

.90

-1.00

1.03 .65 .59

1.11 1.20 1.03

1.33 1.25 1.04 

1.39 1.29 1.14

1.39 1.39 1.09 

1.10 1.33 1.12 

1.04 1.57 ,89

1.02 .89 .81

.86 .91 1.03

1.24 1.02 .91

1.22 1.36 1.18

I.38 1.4? 1.24 

1.35 1.56 1.60 

1.31 1.52 1.27 

1.33 1.51 .99

1.18 1.61 1.22

.00 .17 .01

.57 .59 .49

.60 .62 .63

.76 .63 .68

.68 .55 .58

.58 .56 .49

.33 .31 .39

.22 .01 .22

.24 .25 .38

.73 .54 .48

.76 .54 .65

.77 .59 .59

.78 .76 .64

.68 .59 .65

.60 .58 .54

1 .17 .70 .31

.32 .66 .22

.55 .74 .77

.98 1.34 .94

.98 1.03 1.43 

.98 1.13 1.71 

.92 .91 1.90

.95 .85 1.56

.8? 1.17 1.54 

.91 .97 1.91

1.37 1.26 1.65 

1.32 1.18 1.75 

1.14 .77 1.74

1.01 .83 1.21

1.12 .69 .65

,91 .66 1.41

.98 .36 .61

167.



TABLE 2

MEAN RANKING DISPLACEMENT 
(n = 100)

*L = linear; Q = quadratic; C - cubic

______________ _______ ™1---------------——

r2
DOT SETS CHOROPLETH SETS__ PROFILE SETS

L* % C L Q c L Q c

-.04 -.15 -.03

-.2? -.52 -.57

-.23 -.10 -.14

-.06 .05 .20

.05 .23 -.48

-.14 -.18 -.75

.52 -.08 -.34

-.03 .09 -.04

-.16 -.19 .19

-.69 .52 .08

-.11 00 -.24

-.32 -.16 •82

.74 .24 .90

.27 -.10 -.09

.23 .30 .41

.24 .05 .08

1 +.90 ■

\ .80

\ .70

1 .60

.50
I .40

.20

0

.20

.40
\ .50

I . 60

.70

.80

.90

-1.00

1.01 -.76 -.57

-.32 .11 .09

-.09 -.76 “.13 1

.29 -.18 -.23

,59 .28 .06

-.11 .28 .39

.41 .84 .03

.17 .08 .03

-.1? -.42 .05

-,66 -•14 -•35

-.13 -.41 -.03

-.42 -.52 -.38

.19 -.52 -.04

.02 .23 -.42

.37 .74 .19

.8? 1.15 1.31

00 -.03 -.01

-.32 -.20 -.16

.10 .02 -.25

-.15 -.03 .27

.19 .09 -°6

.13 .06 -.06

.01 .08 .13

.03 -.01 -.03

-.06 00 00

-.18 -.07 -.22

-,68 -•22 .l3

.65 -.02 -.03

-.06 .21 -.10

.17 -.56 .06

.14 .54 -13

.03 .14 .08
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